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PKEFACE 


following  wofk  has  been  translated,  at  the  leo. 
ommendation  of  Profetsor  Horaford,  ai  a  good  intio- 
duction  to  the  study  of  chemistry. 

Such  alterations  only  have  heea  made  in  the  text) 
as  were  required  to  adapt  it  to  use  in  this  country. 
Other  changes  might  have  been  desirabJe,  such  aa  sub- 
stituting the  hf/drq^cn  for  the  oxt^g^en  scale  of  equiva- 
lent weights,  the  Fuhrenheii  instead  of  the  Centigrade 
lliennomctrical  acale,*  the  adoption  in  every  instance 

,  flfjt  ictentific  instead  of  a  ptypuiar  nomendature,  &c ; 

nn$  after  due  deliberattonj  it  was  concluded  not  to 
depart  from  the  original,  except  when  absolutely  »©• 

■vOessary  to  do  so.  Where  alterations  in  modes  of  ex- 
predsioiif  &c,  have  been  made,  the  meaning  of  tlie 
author  has  been  carefully  retained. 

In  some  few  instances,  the  seientific  nomenclature 
usually  adopted  in  our  chemical  books  has  been  de* 
parted  firom ;  but  Ibia  could  not  weU  be  avoided  with- 
mjt  somewhat  marring  the  character  of  the  original 

^  It  bliif^r  fKToMilcs  that  ^ua  Ceotigridfl  thennoiueter  «iU  in  a  few 
If  Miloptod  in  this  CQunirj  fbr  Nleiicific  fnitpofoi* 


work.  The  changes,  however^  that  have  been  iiitro- 
ducedj  will  io  no  way  confuse  the  more  advanced 
gtudentj  even  if  they  do  not  assist  the  learnen 

There   has  been  in  raany  cases  great  ditficulty  in 
^rightly  translating  term^  used  in  the  arts  and  man- 
ifacturess  for  the  obvious  reason  that  there  must  be 
many  peculiar  technic-al   terms  in  use  in    Germanyi 
1  where  arts  and  manufacturea,  such  as  porcelain-mak- 
ing,  metallurgyj   brewing,   wiiie*makiijg,   &c.,   are   so 
ittenaively  KciUivated. 

An  important  part  of  the  labor  of  translating  has 
'been  performed  by  a  friend,  %vho^c  familiar  knowledge 
of  the  German  language  has  been  to  me  of  much 
value  and  aiaistance- 

I  arn  aba  under  great  obligations  to  the  Rev*  Dr* 

<mtidsi  for  bis  kindness  in  looking  over  the  pages 

[ley  iti.Haed  from  the  press,  and  for  many  valuabte 


c  n.  R 
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^^                                               NOTE 

^m                         THIRD  AMERICAN 

EDITION.       B 

^^^                        TtTE  first  American  edition  of  Stocklmnlt^a  **  Princi^l 
^^^H                   pies  of  Chemistry,''  tmnslated  from  the  third  GeTman^l 
^^m                   edition,  has  been  thoroughly  revised  with  the  fifth,  ro^fl 
^^H                    ceotly  published^  and  many  alterations  and  additions^ 
^^1                    have  been  made ;  among  which  are  those  that  refer  to 
m        ^                   Dobereijier'3  lamp,  the  section  giving  a   Synopsis  of 
■                          Chemical  Testa,  and  the  Index.                                        B 
^^m                        For  the  sake  of  convenience,  we  have  also  added  ^ 
^^V                    a  table  showing  the  corresponding  degrees  of  the  Cen- 
M                        ttgrade  and  Fahrenheit's  thermometers;  hkewise  a  ta^fl 
^^b                   ble  of  the  symbols  and  eqiiivoJents  of  the  ehemica^| 
^^M                  elementii,  from  the  "Annual  Report  of  the  Progress  of 
^^m                   Chemistry,  &e,,  No.  V,,  by  Justus  Liebig,  M  D.,  Jcc." 
^^H                   In  this  table  the  equivalent  numbers  arc  in  accordance 
^^H                    with  the  hydrogen  instead  of  the  oxygen  scale,  the  lat^f 
^^^                    ter,  ha\ing  oxygen  as  100,  being  employed  In  the  liody 
1                           of  the  work,  as  in  the  originalj  while  the  scale  with 
^                         hydrogen  as  1  is  that  generally  adopted  by  Englinh 
^^H                   and  American  chemists.                                                  ^M 

^n  ^^                                             a  H.  R  ■ 

INTRODUCTION. 


The  rapid  pro^esa  of  experiinental  science  during 
the  last  twenty-five  years  ia  to  be  ascribedj  in  g^eat 
maasQi0|  to  the  fact  that  pupils,  as  well  as  instructors, 
have  become  cxpertmentefs.  This  is  especially  true 
with  respect  to  clicmistry*  For  erery  contemporary  of 
Davy,  engaged  in  experimental  researches  in  this  de* 
partment^  there  are  probablyj  at  present,  scores  of  per- 
sons occupied  in  the  same  field*  The  fruits  of  ttiia  la- 
bor are  to  be  mea  in  the  improved  condition  of  manu- 
'fiietares;  in  the  more  substantial  scientific'  basis  upon 
which  many  processes,  formerly  altogether  empirical, 
fire  now  securely  fijccd ;  in  the  progress  of  agriculture, 
and  the  arts  generally;  and,  to  some  extent,  In  the 
pfogrc88  of  medicine. 

The  conrse  of  inatmction  to  which  this  greatly  in- 
creased experimental  investigation  is  chiefly  to  be  at- 
tributed, namely,  the  praciical  or  experimenial  course^ 
beam  the  same  relation  to  tlie  study  of  text-books  on 
chemiatry  that  anatomical  dissections  do  to  the  perusal 
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of  essays  on  operative  surgejy,  or  the  solutions  of 
problems  in  celestial  mcchanica  to  lectures  on  tlie  ar- 
chiteeture  of  the  heavens.     It  is,  beyond  question,  the 
most  efficient  method  to  secure  a  8ound  and  available  j 
knowkxige  of  the  scienoe,  either  elementary  or  morejj 
comprehensive. 

Works  designed  to  teach  chenaistiy  by  experiment 

I  are  already  in  use,  both  here  and  abroadj  but  most  of 
tliem  take  for  granted  the  possession  of  expeosive  ap» 
paratus,  and  a  laboratory;  scarcely  any  are  designed 
|g  bring  the  practical  study  of  the  science  within  the 
Beans  of  the  more  elementary  schools  (^ — and  none 
are  to  be  found  smted  to  the  winter-evenijig  firesides 
all  over  the  oountryi  where  the  younger  and  the  more 

I  advanced  of  both  sexes  would  delight  in  chemical  ex- 
periments^ did  not  the  apparently  necessary  expense  of 
apparatus  forbid  thera* 
It  Is  to  meet  the  latter  two  wants,  as  well  as'those  of 
^general  t4*xt*book,  that  the  work  of  Professor*  Si5ck* 
Mfdtj  editi5d  by  my  late  assistant,  Dr-  Pcircci  is  em* 
Iincntly  suite^L 
The  apparatus  necessary  for  many  of  the  most  in* 
Btructjvc  and  interesting  chemical  experiments  would 
cost  but  a  few  dimes,  and  as  many  dollars  would  fnr- 
nifib  the  requisites  for  all,  or  nearly  all,  the  most  impor* 
tant  experiments,  if  performed  in  the  simple  manner 
Laid  down  iJi  thii$  book,  A  few  tubes  and  AaskSi  a 
spirit^lampi  sorao  corks,  india-rubber  and  reagent  hot- 
Uce,  almoist  complete  the  list    In  cotn»cquence  of  ibti 
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extemive  adaptian  of  this  as  an  introductory  work  iii 
the  scbook  of  Germany,  sets  of  apparatus  to  accom- 
ptuiy  it  are  advertised  by  manafactuicTs, 

Tlie  quaUficatlQiia  of  thi»  work^  as  a  text-book  fo? 
pchools,  am  such  aa  t4>  leave  UtlJe,  if  any  thing,  to  be 
deiircd*  Tho  elassification  Is  ejioeediogly  convenient. 
The  elaeidation  of  principles,  and  the  explanation  of 
cliemkal  phenomenal  are  admirably  clear  and  concise^ 
The  iommaiy,  or  fetyospect,  at  the  close  of  each  chap- 
ter, presenting  at  a  glance  the  essential  parts  of  what 
has  gone  before,  could  scarcely  have  been  more  Imppily 
ooneeived  or  expressed  for  the  wants  of  a  pupil  or  an 
'  iiistractor. 

The  book  h  a\^  well  adapted  to  the  wants  of  teach- 
crsi  who  desire  to  give  occasional  acperiiTieiital  lectures 
at  a  moderate  expense,  —  and  of  those  who  design  to 
commence  the  study  of  cberaiatryj  either  with  or  with- 
out the  flud  of  an  Instmetor. 
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1,  Every  one  knows  that  iron^  heated  to  redness, 
changes  into  scales  or  cinders,  and  that,  exposed  to 
moist  air  or  earth,  it  is  converted  into  rust;  that  tJie 
expressed  juice  of  the  grape  gradually  turns  to  wine, 
and  this,  again,  to  vinegar  j  that  wood  in  a  stove^  or 
oil  in  a  lamp,  disappears  in  burning;  and  that  animal 
and  vegetable  substances  in  time  putrefy,  disintegrate, 
and  finally  disappear 

Iron  cinders  and  rust  are  iron  altered  in  constitution  l 
iron  is  hard,  tenacious,  of  a  grayish-white  color^  and 
brilliant;  by  heating  to  redness  it  becomes  black,  dull, 
and  brittle ;  oa  exposure  to  moisture  it  is  converted  into 
a  powder  of  a  yellowish-brown  color.  Wine  is  altered 
viusij  in  which  nothing  of  the  sweet  taste  pecuUar  to 
the  grape-juice  can  be  perceived  j  but  it  has  acquired  a 
spirituous  flavor,  together  with  a  heating  and  intoxicat- 
ing power,  which  was  not  in  the  fnuiiL  Vinegar  is 
altered  wine ;  it  has  an  acid  smell  and  taste,  and  has  m 
lost  its  spirituotis  flavor,  bm  well  as  its  exV^'^T^^cvxi% 
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propcrtie&j  its  tendency  being  Tather  cooling  and  seda- 
tive. Search  must  be  made  in  the  air  for  the  oil  and 
wood  which  have  disappeared  during  combustion ;  both 
these  substances  are  converted  into  vapor  or  ga%J 
and  warm  til  and  light  arc  thereupon  evolved  with 
the  phenomenon  of  fire.  Of  a  similar  nature  are  the 
changes  which  animal  and  vegetable  substances  under- 
go, if  kept  for  a  sufficient  length  of  time ;  they  ara^ 
gradually  converted,  as  they  putrefy  or  decay,  hito  vari- 
ous kinds  of  gas,  some  of  which  emit  a  very  diaag 
able  odor* 

Such  processes,  by  which  the  weight,  form,  soUdity, 
color,  taste,  smell,  and  action  of  the  substances  become 
changed,  so  that  new  bodies  ^qth  quite  different  prop- 
erties are  formed  from  the  oid,  are  called  chemical  pro* 
ces$eSi  or  chemical  action* 

2»  Wherever  we  look  upon  our  earth,  chemical  action 
is  seen  taking  place,  on  the  land,  in  the  air,  or  in  the 
depths  of  the  sea.  The  hard  basalt^  the  glass-like 
lava,  become  gradually  soft,  their  dark  color  passes  into 
lighter,  they  crurablc  to  smaller  and  smaller  pieces,  and 
arc  finally  changed  to  earth.  A  potato  placed  in  the 
earth  grows  soft,  loses  it^  mealy  taste,  becomes  sweet, 
and  finally  decays.  The  bud,  that  sends  forth  a  sickly 
pale  shoot  JO  a  dark  cellar,  when  exposed  to  the  light 
and  air  grows  up  a  vigorous,  firm,  and   green  plant, 

r which,  imbibing  its  nourishment  irom  the  moist  air  and 
l&j],  forms  from  their  elements  new  bodies,  not  to  be 
found  previously  in  the  water  or  the  air.  A  delicate 
network  of  cells  and  tubes  pervades  the  whole  plant, 
imparting  to  it  firmness;  these  we  call  vegetable  tissue, 
or  woody  fibre.  We  find  in  the  sap,  which  passes  up 
iown  through  these  cells,  albumen  and  other  vis- 
^bstaaccs;  In  the  leaves  and  in  the  stalks,  a 


green  coloring  matter, ^ — chlorophyll;  and  in  the  ripe 
tubers,  a  mealy  substance, — starch.  None  of  these  sub- 
fttances  are  injurious  to  health;  but  if  the  potatoea 
grow  in  the  dark  and  without  boiI,  for  instance,  in  the 
ceUar,  there  is  produced  in  their  long  jiale  shoots  a 
very  poisonous  body,  solan!  ne. 

The  potato  forms  one  of  our  most  important  articles 
of  food.  The  starch  contained  in  it  is  not  soluble  in 
'water,  but  when  received  into  the  stomach  quiekly 
undergoes  such  a  change  that  it  can  be  dissolved  or  di- 
gested, and  then  introduced  as  a  liquid  into  the  blood. 
The  blood  comes  in  contact  in  the  lungs  with  the  in- 
haled air ;  the  blood  changes  its  color^  the  air  changes^ 
its  constitution,  and  the  heat  which  we  feel  in  our  bodies 
Is  developetl  We  must  conclude,  from  these  changes, 
that  chemical  action  is  going  on  in  our  own  bodies* 

3*  As  long  as  a  plant  or  an  animal  lives,  the  chemical 
processes  are  under  the  guardianship  of  a  higher  rays* 
terious  power,  which  is  called  the  iniai  force^  and  by 
which  thejt  are  constrained  to  furnish  the  materials  for 
the  structure  of  the  animal  or  vegetable  bodies.  The 
vital  force  is,  as  it  were,  the  architect  who  plans  the 
building,  and  sees  that  the  requisite  materials  are  pro- 
cured by  the  chemical  processes,  and  worked  up  accord- 
ing  to  his  will.  Hereupon  arise  innumerable  new  bod- 
ies, which  cannot  be  artificially  imitated,  as,  for  exam- 
ple, woodp  sugar^  starch,  fat,  gelatine,  flesh j  &a  They 
are  called  organic  compounds^  or  animal  and  vegetable 
substances,  in  opposition  to  iitorganic  or  mineral  bodies, 
which  may  be  artificially  imitated  by  putting  together 
tbeijf  constituent  parts.  When  life  in  an  animal  or  veg- 
etable ceases,  the  chemical  powers  obtain  the  mastery, 
and  these,  as  if  they  were  the  grave-diggers  of  naturei 
fulfil  the  old  motto,  ^^  ^^  Earth  to  earth,  and  du^g^t  tjon 
1* 
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dust"  The  leaves  of  the  potato  plant  become  yelloWi 
and  then  brown;  they  fall  off,  and  are  gradually  con- 
verted into  a  dark  powdery  substance,  —  humus.  In 
the  course  of  time  even  this  disappears,  with  the  excep- 
tion of  a  little  ashes,  which  cannot  take  flight  with  the 
rest  What  here  it  takes  years  to  bring  to  pass,  happens 
in  minutes  if  we  throw  the  dry  leaves  into  the  fire.  The 
chemical  action  is  in  both  cases  quite  similar, — the  only 
difference  consists  in  the  time  in  which  it  occurs ;  it 
goes  on  rapidly,  as  combustion,  under  a  strong  heat,  and 
slowly,  as  a  process  of  decay,  at  a  moderate  tempera- 
ture. But  what  appears  to  us  annihilation  is  only 
change.  The  substances  which  have  been,  not  an- 
nihilated, but  only  rendered  invisible  by  combustion  or 
decay,  we  find  again  under  another  form,  with  exactly 
the  same  weight,  in  the  air ;  from  the  air,  they  are  again 
drawn  down  to  the  earth  by  the  chemical  processes 
going  on  in  living  plants. 

4.  Wo  see  from  this  how  the  inscrutable  power  of 
the  Almighty  appointed  the  chemical  processes  for 
his  servants,  in  order,  by  their  agency,  to  produce  the 
eternal  vicissitude  which  we  daily  observe  around  us  in 
all  nature,  and  to  call  forth  evermore,  in  uninterrupted 
sncoeHsion,  new  life  from  death ;  thus  it  is  self-evident 
how  improving  and  instructive  for  every  thinking  man 
niUHt  bo  that  science  which  explains  to  him  this  vicissi- 
tude, and  opens  to  him  a  clearer  insight  into  the  won- 
ders of  creation. 

This  deeper  insight  will  not  only  lead  the  mind  of 
man  to  higher  improvement  and  perfection,  but  must 
also  fill  it  with  greater  admiration  and  profounder  rev- 
ercnce  for  Him,  who  revealed  to  us  in  these  wondeii 
his  unseaichable  omnipotence  and  wisdom. 

*n  anotiMT  point  of  view,  the  intevoil  ii  nl' 
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kuowledge  will  be  most  powerfally  excited  by  the  use- 
ful application  wbich  can  be  made  of  it  in  every*day 
life*  Chemistry  teaches  the  apothecary  how  to  com- 
pound and  prepare  his  medicines;  it  teacher  the  physi- 
dan  how  to  cure  maladies  by  mean^  of  these  medi- 
cines; it  not  only  shows  the  miner  the  metals  con- 
cealed in  rocks,  but  aidB  him  also  in  smelting  and 
working  thcro.  Chemistry,  in  connection  with  physicBi 
haa  been  the  principal  lever  by  which  so  many  arts 
and  tTades  have  been  l^ronght  to  such  a  degree  of  per-  _ 
fection  within  the  last  few  decades,  and  by  its  means  we  ■ 
have  been  supplied  with  the  numberless  conveniences 
of  life  that  were  not  enjoyed  by  our  fathers.  It  can- 
not be  doubted  that  the  farmer  must  at  once  regard 
chemistry  as  his  indispensable  friend,  for  it  is  this  alone 
which  acquaints  him  with  the  constituent  parts  of  his 
soil,  with  the  proper  nutriment  of  the  plants  he  wiishea 
to  cultivate,  and  with  the  means  whereby  he  can  en*^ 
liancc  the  fruitful nes,s  of  1 1 is  fields.  ^ 

6,  Qtemival  Farce  or  Affinity*  —  If  a  ball  of  iron  be 
heated  to  redness,  till  a  thick  crust  of  scales  is  formed 
around  it,  and  then  weighed,  it  will  be  found  to  have  ^ 
increased  in  weight ;  consequently,  it  must  have  been  f 
supplied  with  something  ponderable  from  the  air.  This 
ponderable  substance  is  a  species  of  gas,  called  oxygen  j 
by  its  union  with  the  iron  it  has  become  fixed,  yet  by 
other  chemical  processes  it  can  be  reconverted  into  its 
gaseous  form.  If  this  crust  of  iron  is  now  exposed  for 
a  time  to  moisture^  it  will  gradually  become  rust,  and 
again  weigh  more  than  before;  it  has  attracted  and 
united  to  itself  w^ater,  and  more  oxygen^ from  the 
air.  Accordingly 5  the  crust  consists  of  iron  and  oxy- 
geni  the  rust,  of  iron,  oxygen,  and  water,  which 
have  become  most  closely  united  with  each  othct\ — 


^ 


8 


CHEMICAL    ACTION, 


they  are  chemically  combiaed.     There  is  a  peculiar  j 
power,  wbich  is  csoiisidercd  the  caiis^a  of  thia  intimatei 
uaion,  as,  in  general,  of  all  chemical  changes ;  it  is  called 
chemical  power  or  (qflnibj^  and  botlies  that  possess  this 
capacity  of  uniting  with  each  other  are  said  to  have  an 
affinity  for  each  other.     Accordingly,  iron  at  a  red  heat  I 
has  an  affinity  for  the  oxygen  of  the  air,  and  at  an 
ordinary  temperature  it  has  also  an  affinity  for  water. 
A  dacat  changes  neither  its  color  nor  its  weight,  whether 
at  a  glowing  heat,  or  exposed  to  moisture;  we  con- 
clude ihat  gold  possesses  no  affinity  for  oxygen  or  for 
water. 

6-  A  force  cannot  be  seen  or  grasped;  we  notice  it 
only  in  the  cflLcts  which  it  produces.  If  we  would 
know  whether  a  piece  of  steel  possesses  magnetic 
power,  we  apply  a  needle,  and  try  whether  tlus  is 
attracted  by  it  or  not;  we  then  conclude  from  its  be* 
haviour  as  to  the  absence  or  presence  of  magnetism* 
Precisely  the  same  counse,  that  of  ^  /i/,  mxmt  be 

taken,  in  order  to  become  acquaiuiL  -  .a  the  chemi- 
cal forces,  the  afliniUes  of  bodies  for  each  other.  Every 
experiment  is  a  qucfition  put  to  a  btxly,  the  answer  to 
whic!i  we  receive  through  a  phenomenon,  that  is, 
through  a  change  which  we  observe,  sometimes  by  the 
iight  or  the  amellj  sometimes  by  the  other  senses.  The 
qucistiori  has  just  been  put  to  iron  and  gold,  whether 
they  have  an  alBnity  for  oxygen;  the  iron,  converted  in- 
Uy  black  cixide,  gave  nn  answer  to  this  question,  the  on* 
changi^ble  gold  cltd  not*  Every  chyLiige  which  we  pcr^ 
oeive,  every  new  property  which  wc  observe  in  a  body, 

Irtter  in  the  langiut^e  of  chemijstry.     To  learn  this 
ily  and  thoroughly!  it  ia  above  all  things  useful  for  the 
beginner  to  exercise  hiini^elf  in  spelling,  that  b^  in  mak* 

eirperimentd.     To  give  directional  for  this  U  this  ob* 
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am  posed  no  further  by  any  known  method  of  ftn^ily^tji, 

nd  are  tjiercforc  called  Mniple  bodies^  or  chcmietii  tie- 
mtnh.  There  arc  now  about  suciy  known  elements, 
and  almost  every  year  adtU  to  their  number;  but  thiB  in* 
crcfise  13  of  little  importance  to  chemieal  science  or  its 
applications,  for  it  consists  of  elements  which  but  Tery 
Bcldom  occur-  This  sieparating  of  compounded  bodies 
into  simple  one&  ig  designated  by  the  name  of  iinali^$\$. 
k)  liliai  ehati^es  do  bodies  undergo^  when  pMced  in 
amtael  loitli  alhtr  bodies/  Pliospborus,  vviiieh  is  ob* 
tained  Irom  bones,  is  luminoits  in  the  air,  and  is  gmd* 
miliy  converted  into  an  add  liquid;  It  uiiiteei  with 
the  oxygen  of  the  air,  as  the  iron  did  on  bein     '  I 

to  r^xhics!!;.     If  the  phosphorus  is  gently  hen.  ^ 

anion  h  attended  with  a  vivid  combustion,  and  there  is 

armed  an  acid  body  which  is  different  from  the  former; 
which,  if  chalk  be  added,  a  new  body  is  formed,  very 
sirniUr  to  bone-asbea;  it  is  in  fact  artilicial  bone-ashes, 
Tht'  luunlier  of  new  bodies  which  may  be  protlueetl  by 
the  union  of  tlie  elements  with  each  other,  or  with  com- 
pound bodies^  is  ijj  Quite,  and  entirely  different  »ab- 
Ktauces  arc  often  formed,  according  as  the  combination 
takes  place  under  the  intliience  of  cold  or  heat,  in 
water  or  iu  air^  in  greater  or  smaUer  quantities.  This 
is  combirtuliafi  or  st/titkesis. 

r.)  117*^/  tisij'tit  applicaiiom  can  be  made  of  chemical 
iheon/  and  prucike?  Wheci  the  chemii^t  discovers  a 
new  body,  or  a  new  property  in  one  already  known 
Of  a  new  method  of  synthesis  or  analysis,  he  imparts 
bis  djJK^overy  to  tbe  opotheefiry,  the  phy^&ieiar^  the 
ler,  the  maniifticturer,  and  the  tri  .  that  ex- 

primeots  may  be  inetituted  for  the  j>.*,p.-.^.   *''    ^^--^t*! 
taining  whcthtT  any  ndvwfibige,  facility^  or 
ment  can  be  derived  for  pharmacy,  medicini},  ii^cul* 
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turc,  or  the  arts*  Phosphorus  ignites  spontaneoudy 
at  a  gentle  heat^  it  is  used  in  friction'matches*  Taken 
into  the  stomach  it  acts  as  a  rioleiit  poison ;  it  is  at 
present  the  most  common  means  for  the  extirpation  of 
rats  and  mice,  Bone-ashea  and  gluten  are  the  constitu- 
ents tinlveriaally  found  in  the  seeds  of  different  kinds  of 
grain ;  the  chemist  concludes  firom  this,  that  pulverized 
bones  must  yield  an  excellent  manure  for  grain;  the 
agriculturist  demonstrates  this  by  experiments  on  a 
large  scale*  In  bone-black  the  property  has  been  dis- 
covered of  attracting  many  substances  held  in  solution 
in  liquidsj  and  of  condensing  them  in  itself:  on  acx^ouut 
of  this  property,  it  is  used  for  making  impure  water 
potable ;  the  sugar-refiner  em  ploys*  it  to  make  brown 
syrup  colorless ;  with  it  the  distiller  purifies  brandy 
from  f ousel  oil*  This  is  applied  or  practical  chemist r^i/. 
d.)  Wliat  are  the  causes  of  chemical  cha^tg-es^  ami 
according  to  ivhai  laws  do  theif  take  place?  If  chemical 
experiments  are  performed,  as  they  should  be^  with  the 
balance  in  the  hand^  it  wilt  soon  be  observed,  that 
when  two  different  bodies  which  can  unite  with  each 
other  are  brought  together,  sometimes  a  part  of  the  one, 
sometimes  a  part  of  the  other,  remains  free*  Further 
experiments  will  show  how  much  of  one  body,  in  weight, 
can  be  united  with  the  other.  If  aU  bodies  are  tested 
in  the  same  manner,  the  certainty  is  finally  attained, 
that  all  chemical  combinations  take  place  only  in  fixed^ 
unchangeable  proportions^  and  that  to  every  Individ* 
ual  body  is  assigned  a  definite  weightj  with  whicfi  it 
always  enters  into  any  combination  whatever*  (^  268.) 
This  certainty  is  called  a  natural  law.  IVIany  such  laws 
of  nature  have  already  been  ascertained,  and  they  serve 
as  a  certain  guide  to  the  chemist  in  his  labors^  since 
they  ^nnot,  like  human  lawsj  be  arbitrarily  evaded  ox 


WEIOaiJfO  AND  sfEAf^nmo- 

changed.  By  thein  alone  we  attain  to  a  scientific  in* 
eight  into  the  cheniicul  prtwesseii,  and  to  the  capability 
of  putting  direct  queationa  to  bodies  by  ex  peri  men  t^ 
and  of  testing  the  truth  of  the  answers  received.  An 
c\\'  <*ii  of  the  chemioal  processes  based  on  natural 

ifr^'    ,        ill  presents  a  clear  idea  of  the  subject  to 
mind,  it*  called  a  Theory/, 
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8.  Weiffhin^.  —  The  balruiee  is  to  the  chemist  what 
tl('  U}  the  marincn     The  ocean  was  indeed 

nn    _  m  the  discovery  of  the  cornpaBs;  but  not. 

till  after  this  could  the  sailor  steer  with  confidence  to 
a  certiitri  plnc*%  and  recover  his  proper  course,  howe%'er  ^ 
often  lost.  And  wo,  in  clicinistry,  no  systematic  method  , 
of  *rtndy  coiild  be  pursued  before  the  introduction  of  the  J 
faaJaJloo.  The  bahmce  is  the  stantlard,  as  well  as  thej 
tc»t,  of  chornical  experiincutsj  it  teaches  ns  how  to| 
liiie4^tiiin  the  tfue  composition  of  bodice,  and  shows  as 
wl  ^ntspntithe  answers  received^  or  thctl 

coil     .  I    from    them,  are   correct  or   fali*e.j 

tknce  it  cannot  bo  too  strongly  recommended  to  thosd] 
_rfti  uf  chemi?ttry  to  u^o  the  batancol 

(fVLi .,       ^  ^         icnts.    For  the  exj>erimcnts  dc- 

icribcd  in  thl»  book,  a  comtnon  apothccancs^  balance 
fill  that  ii  requisite. 

Such  a  balance  (^onifi^U  of  a  brass  beam,  with  ana»l 
of  iMfnal  kinoth,  tJirooirlt  the  oootre  of  which  pasacs^ 
II    i»ierl    \v-   ' 

piatCf  so  til  -_ 

pani  aro  attacllc^d|  may  ea 
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Fie- 


that  the  axis  should  be  la  the  right  place  of  the  beam, 
a  little  above  its  centre  of  gravityj  as  in  Fig.  1,  a.    The 

centre  of  gravity  can 
be  found  by  balancing 
the  beam  on  its  flat  side, 
with  the  index  attached 
to  it,  on  a  needle,  and 
when  the  beam  rests 
horizontally,  the  point 
of  the  needle  desig- 
nates the  centre  of 
gravity-  If  the  axis  be 
placed  too  low,  beneath 
the  centre  of  gravity^  as  in  Fig.  1,  &,  the  beam  will  over- 
set, if  one  of  the  pans  is  more  heavily  loaded  than  the 
other.  If  placed  directly  in  the  centre  of  gravity,  the 
balance  itself  will  cease  to  vibrate  when  the  beam  is  in 
an  oblique  position*  When  the  axis  is  too  high  above 
the  centre  of  gravityj  the  balance  loses  much  of  its 
sensibility.  This  latter  defect  occnis  most  frequently, 
but  is  easily  remedied  by  lowering  the  axis. 

9.  The  apothecaries^  weight  and  the  French  decimal 
weight  are  those  commonly  used-  The  folio vidng  is 
the  table  of  the  apothecaries'  weight,  which  will  an- 
swer for  all  the  experiments  given  in  this  book ;  — 


Found, 

Onnesi 

Drachcoa. 

Scriiplm. 

OnlfviH 

1      = 

12 

^ 

96 

=: 

288 

=^ 

5760 

1 

^ 

8 

^ 

24 

:^:= 

480 

1 

= 

3 
1 

^ 

60 
20 

10.  The  new  French  system  of  weighU  and  iweos* 

nre$^   which  is  now   almost  universally  adopted    by 

chemists,   is  chaiacterized  by  great  simplicity,  all  it^ 

divisions  being  made  by  ten ;  hence  the  name  dfedtiuil 
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weight  and  measure.     Its  onit  ia  derived  from  the 
of  our  globe. 

In  order  to  define  the  diSefent  localities  on  this 
globe,  imaginary  circles,  as  is  well  known j  haire  been 
drawn  around  it  Those  winch  pass  round  the  earth 
from  east  to  west,  the  largest  of  which  is  the  equator, 
are  called  parallels  of  latitude  (circles  of  latitude); 
those  which  pa&s  round  the  earth  lengthwise,  interscet- 
ing  at  the  poles,  meridiam  (circles  of  longitude).     The 

parallels  of  latitude  grad- 
ually become  smaller  to* 
wurds  the  poles ;  the  me- 
ridians, on  the  contraiy, 
are  all  of  equal  Hisce,  The 
circle,  N  E  S  W  N  repre- 
sents a  meridian  or  circle 
of  longitude.  The  fourth 
part  of  this  circle,  or, 
what  h  the  same  thing, 
the  fourth  part  of  the  cir* 
cumfiTrcnce  of  our  emibf 
at  N  E,  is  the  basis  of  the  French  system*  Thia 
ciuadraut  was  divided  inki  ten  million  parts,  one  of 
which  was  taken  as  the  unit,  under  the  name  of  meter, 
A  tjwit:t  ia  about  tliree  f<*ct  and  a  quarter  in  lengtii. 
The  smaller  measures  are  produced  by  dividing  by  ten, 
mid  are  designated  by  Ltitin  tenn.<^ ;  the  larger  ones  by 
multiplying  by  trn,  and  are  de&ignated  by  Greek  terum. 


Meter. 


!Wn»/|«a 


Meter* 


t«cf»rl 


U     **  if 


ter 


MllUmeiA«T  =id^B 


M 


10  ntet€ 
100      " 
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The  «y3tem  of  weights  was  derived  from  the  measure 
of  length,  111  the  following  manner*  A  cubical  box 
was  taken,  measuring  exactly  one  centimeter  in  each 
direction^  and  iliis  was  ^led  with  water  at  its  greatest 
density  (at  the  temperature  4-4^  C-) ;  the  weight  of 
this  quantity  of  water  was  called  a  gramme*  This  is 
taken  as  the  unit  of  the  dectniai  weights,  and  m  multi* 
plied  or  divided  by  ten- 

SmaUff  Weights  IwfeT  WdgfaU, 

Gramme.  Gramme. 

Decigramme  ^  f^  gramme.  Decagramme  ^  10  gr, 
Centigramme^^^  ,^^5  **  Hectogramme  =  100  *^ 
Milligramme  s=  1^5      "        Kibgramine     ^  1,000  ** 

Myriagramme^^lOjOOO  " 
One  gramme  is  equal  to  15,44579grs,  Troy. 
One  kilogramme  is  equal  to  21b »  3o2*  4,17dwt.  Av, 
It  is  well  enough  known  that  the  body  whose  weight 
is  to  be  ascertained  must  be  put  into  one  scale,  and  in 
the  other  weights  suflicient  to  restore  the  index  to  its 
original  perpendicular  position.     The  weight  of  a  body 
thus  determined  is,  in  scientific  language,  called  its  ab- 
solute wei^hL     Thus,  a  piece  of  sugar  weighing  two 
ounces  has  an  absolute  weight  of  two  ounces ;  or,  if  a 
vessel  be  filled    %vith   two  pounds  and  one  ounc^  of 
water,  this  water  has  an  absolute  weight  of  two  |K>mid3 
and  one  ounce. 


f 
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IL  Ice  floats  in  water,  iron  sinks  in  it,  because  the 
fonner  is  lighter,  the  latter  heavier,  than  water.     But  if 
we  put  a  piece  of  ice  in  spirit  it  sinks,  or  if  we  put  a  piece 
ol  iron  upon  qtucksilver  or  mercury  it  tloat^;  cow^^* 
quentlyj  ice  is  heavier  than  spirit,  irou  l\g\\t^i  t\\^tv  <^3^0»l* 
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&Uven  It  also  folloi^^  that  spirit  ifi  lighter  than  water, 
since  it  can  sopport  less  weight,  and  quicksOver  heavier 
than  water,  as  it  can  bear  a  greater  weight.  The  tcrma 
heavier  an  J  lighter,  in  this  sense^  correspond  to  what  in 
scientific  langoage  is  called  specificali^  heavier  or  specif- 
ically  lighlery  and  equal  bulks  are  always  to  be  under- 
stood in  speaking  of  the  comparative  weights  of  bodies.  ^ 
The  expression,  ive  is  iig-hter  than  iron,  means,  iliereforej 
that,  taking  equal  bulks  of  cachj  the  former  weighs  less 
than  the  latter;  and  when  we  say  that  quicksilver  is 
heavier  than  water,  we  mean  that  in  equal  volumes,  as 
a  pint,  for  instance,  the  quicksilver  has  a  greater  weight 
than  the  water.  But  in  absolute  weight,  no  regard  is 
paid  to  the  volume  of  substances. 

In  order  to  ascertain  Itow  many  times  heavier  quick- 
silver is  than  water,  or  iron  than  ice,  it  is  only  ne* 
cessary  to  weigh  equal  volumes  or  portions  of  each, 
and  to  compare  their  weights*  If,  for  example,  %ve 
take  five  vessels,  each  of  which  would  contain  exactly 
100  grains  of  water,  and  fill  them  respectively  with 
spirit^  ice,  water,  iron,  and  quicksilver,  the  following 
difterences  of  weight  will  be  found:  the  vessel  filled 
with  spirit  would  weigh  80  grainss ;  with  ice,  90  grains; 
with  water,  100  grains;  with  iron,  750  grains  j  with 
quicksilver,  1,350  grains. 

To  facilitate  the  comparison  of  the  numbers  which 
denote  how  mneh  greater  the  specific  gravity  of  one 
body  is  than  that  of  another,  water  has  been  fixed  upon 
as  the  standard  or  unit  Therefore,  in  the  above  case^ 
the  question  i^.  How  much  fighter  than  water  are  spirit 
and  ice,  and  how  much  heavier  are  iron  and  quick- 
silver? or,  in  other  words,  How  many  times  is  100  con- 
tained in  SO,  90,  7*jO,  and  1,350  ?  The  other  numbers, 
i    then,  arc  to  be  divided  by  100,  the  weight  of  water, 

i^-__ 
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JpWt,  i^,  0T,  in  dcdmab,  0,80 ;  it  is  therefore  i  lighter 
liiati  watev. 
[Ice,  iVr»  ^h  lo  dcctmats,  0,90;  it  is  therefore  ^  lighter 

Uian  ^ntl^. 
[Imri    '  • "   ^r,  tii  decimal*,  7^ ;  it  is  therefore  7^  tiroes 

\v  xn  water* 

[Qiiickiiiiver,  -HW»  *^^t  '"  decimals,  13.50;  it  is  theiefore 
13J  times  hctivier  than  water, 

TlH»e  ntimbers  represent  i/ie  specific  we^kis  (sp.  gr,). 
10J,  according  tx>  cralculatioti,  spirit  having  a  specific 
i¥lty  of  0.80,  80  parts  of  it  would  otxrupy  the  same 
r  ftfl  100  part*  of  water;  therefore  it  b  orily  four  lifths 
as  heavy  aa  water,  or,  whtit  is  the  same  thing,  one 
fifth  !i|»htrr  thfin  water.  The  specific  gravity  of  quick- 
wlvt-r  bting  13A  that  is,  13J^  parts  of  qnickslLvcr  do 
root  take  up  mon?  space  tlian  oue  part  of  water;  eince 
[it  19  I'J}  times  heavier  thau  water* 

12.  J}ei€rminaiiim  of  SfHofic  Gravity.  ^-  E^erimeni. 

^  Ta  determiiie  thi?  gpedfic  gravity  o(  a  fluid,  a  vial  is 

[T    "'^  '*,   filled  with  wa*4?r,  ajid  then  again  weighed. 

rl  '^  the  weighl  of  the  water.     Now  pour  oat 

till!  watin*,  and  refill  the  via]  either  with  spirk,  s»yrup, 

|.. .    1  .,  -    ...  -^ -tj^j  other  liquldi  and  ascertain  by  the 

It  of  each*     Then  divide  the  weight  of 

rrirh  oi  ih«'jce  timds  by  the  weight  of  the  wafer,  and 

'    -  -- •       *«  -  specific  weight     It  js  very 

to  coatatn  exactly  l^tlOO 

tiaa  oi  water,  aa  tiicu,  w^ithout  any  calenlation^  the 

of  gratna  which  sticli  a  vial  coittaififl  of  any 

expfefLses  ita  specific  w^i^L 

"13,  ExpcrimenL  —  Weigh  a  fla^k  filled  with  water; 


adjujit  thus  beam*     liemove  both  naitti  and 
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flask  from  the  pan,  and  put  the  nailB  into  the  flask  A 
bulk  of  water  will  be  displaced  equal  to  that  jof  the  naib ; 
to  determine  its  amount,  replace  the  flask,  after  it  has 
been  thoroughly  wiped  on  the  outside,  upon  tlie  pan, 
and  remove  weights  from  the  other  pan  until  the  equi- 
poise h  restored.  The  weights  taken  away  (about  32 
grains)  form  the  divisor,  and  the  balf-onnce,  or  240 
grains,  the  dividend;  the  quotient  ^^^^^^7.5,  is  the 
&pecific  gravity  of  iron,  of  which  the  naik  were  made, 
14  McperimenL — ^If  we  have  to  determine  the 
^w  ^    ^  specific     grav^ 


FI&  a 


ity  of  a  piecQj 
of  iron,  or  of 
any  other  body 
which  cannot 
be  put  into  a 
Eask,  it  must 
be  fastened  by 
a  piece  of  finaj 
thread  to  the 
pan  of  a  com- 
mon balance, 
(Fig.  3,  i,)  the 
cords  of  this  pan  having  been  previously  shortenedi 
Weigh  the  body  first  in  air,  and  then  in  water,  immers- 
ing it  an  inch  deep.  As  it  sinks,  the  opposite  pan  falls; 
consequently  iron  must  be  lighter  in  the  water  than  in 
air*  If  the  iron  in  the  air  weighed  half  an  ounce,  then, 
yi  order  to  restore  the  equilibrium,  it  wiU  be  necessary, 
U  in  the  former  experiment,  to  remove  from  the  pan  a 
iftpigmm^  equal  to  the  weight  of  the  bulk  of  water 
displaced  by  the  iron.  The  lossa  of  weight  is  the  same, 
whether  the  water  be  removed  from  the  vessel  or  mere- 
iv  displaced  within  it    This  forms  the  divisor,  and  240, 
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the  weight  of  the  iron  in  the  aiTj  tlie  dividend,  giving 
[  the  quotient  \^  —  7.5, 

15.  Every  substance  becomes  lighter  in  water  in  pro- 

I  portion  to  the  amount  of  w^ter  displaced ;  this  is  a  law 

I  of  nature.     If  it  displaces  less  water  than  its  weight  in 

[the  air,  it  sinks;  if  more ,  it  floats.     Even  very   heavy 

[bodies  can  be  made  to  float  by  increasing  their  volume ; 

Bhips  are  constructed  of  iron,  although  it  is  eight  times 

^heavier  than  water;  a  tumbler  floats  upon  water,  and 

yet  the  specific  gravity   of  glass  is  from  three  to  four 

times  greater  than  that  of  water*     A  thick  piece  of 

iron,  weighing  half  an  ounce^  loses  in  water  nearly  one 

[  eighth  of  its  weight ;  but  if  it  is  hammered  out  into  a 

f  plate  or  a  vessel  of  such  a  sijse  that  it  occupies  eight 

^  times  as  much  space  as  before,  it  then  loses  its  whole 

I  weight  in  water,  and  will  float,  sinking  just  to   the 

'  brim.     If  made   twice  as    large,  it  will  displace  one 

ounce  of  water,  —  consequently  twice  its  own  weight ; 

it  will  then  sink  to  the  middle,  and  can  be  loaded  with 

half  an  ounce  weight  before  sinking  entirely. 

16*  Aremmler^  or  Ht/drometer*  —  The  same  body  will 
sink  to  a  greater  or  less  depth  indifferent  liquids, — 
deeper  in  the  lighter  ones,  and  not  so  deep  in  those 
f  which  are  denser.  This  has  suirgestetl  a  very  conven- 
ient instrument  for  determining  the  spe- 
cific gravity  of  liquids,  the  hydrometer 
or  areometer.  This  instrument  consists 
of  a  hollow  glass  tubcj  made  as  repre- 
sented in  Fig,  4.  The  interior  is  hol- 
low, and  blown  out  into  a  bulb  at 
the  lower  end,  to  cause  it  to  float ;  tbe 
under  part  is  loaded  with  quicksilver  or 
shot,  to  give  it  a  vertical  position*  The 
main  tube  serves  to  denote  the  depth  tjo 
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which  it  sinks  in  any  liqaid,  by  means  of  a  scale  of 
degrees,  with  which  it  is  furnished.  There  are  vari- 
ous instruments  of  this  kind,  especially  adapted  for 
determining  the  density  of  spirits,  brandy,  oil,  lye,  syrnp, 
ice.  If  a  hydrometer  for  weighing  spirits  is  put  into 
water,  it  sinks  only  to  the  lowest  point  on  the  scale  (P 
(Fig.  4,  a);  but  in  the  strongest  alcohol,  which  is  much 
liglitcr  than  water,  it  sinks  to  the  highest  point,  100^. 
A  scale  for  testing  lye  (Fig.  4,  b)  must,  on  the  contrary, 
have  the  0^  point  at  the  top  of  the  scale,  to  which  it 
would  sink  in  pure  water ;  for  lye  being  heavier  than 
water,  the  instrument  would  be  more  or  less  buoyed  up 
in  it,  according  to  its  strength.  In  hydrometers  for 
lighter  liquids,  the  degrees  proceed  from  the  bottom  to 
the  top,  in  those  for  heavier  liquids  from  the  top  down- 
wards. In  most  of  these  scales  the  degrees  are  arbi- 
trary ;  and  in  order  to  convert  them  into  the  correspond- 
ing specific  numbers,  tables,  constructed  for  the  pur- 
pose, must  be  referred  to. 

17.  Experiment. —  Pour  brandy  into  a  cylindrical 
jar,  and  observe  the  degree  which  it  marks  on  the 
hydrometer ;  then  put  it  in  a  warm  place,  and,  when 
lukewarm,  again  note  the  degree,  which  will  be  liigher 
than  before,  as  the  heat  has  expanded  the  liquid,  made 
it  lighter,  and  consequently  apparently  stronger  than  it 
really  is.  (§  22.)  The  specific  gravity  of  all  bodies,  when 
wanned,  is  less  than  when  cold.  On  this  account,  in 
determining  the  density  of  bodies,  regard  should  be 
paid  to  their  temperature,  and  it  has  been  agreed  to 
consider  15^  C.  (§  24)  as  the  mean  temperature. 

In  the  more  accurate  hydrometers,  the  mercury 
serving  as  tlie  counterpoise  has  been  ingeniously  con- 
trived also  to  indicate  the  degree  of  bttt  of  the  liquid, 
by  Qonnecting  with  it  a 
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Hr  it  scale,  'v?  (Fi§-  ^)  denotes  the  temprmtture,  tbc 
long  dcale,  ft,  the  density.  The  smali  seale  is 
Dequciitly  mi  constnidcd,  that  the  d«grt3cg  cor- 
rcfjMHid  t<J  tli0»e  on  Uie  long  st^ale,  atnl  iti  order 
to  gnaitd  ft^tnst  cjtor  it  is  only  necessary  to 
add  tiic  df*gTce3  below  the  meun  tenipenitiire 
^  to  the  d^oflity,  or  to  subiract  froni  the  density 
tbo0c  mbove* 

GoU  h  nineteen  time*,  and  silver  ten  times, 
hefT-'"-  ^'' 'in  water;  gold  alloyed  with  silver 
in  1  :i>fe^  have  a  lesii  Eipccific  weight  than 

pore  gold.     The  FpeeJfic  weight   of  brass  19 
!i>nly  =s8L     Aleohol  and  ether  are  lighter  in  propor- 
tion ia  llicir  purity  and  sUenj^thr  %vhit«  lye,  synipi  the 
«c5ds  iCKL^  increu5C  iti  deniiiiy  u  :  to  their  parity, 

Ilctice  it  U  evident  how  Unp<)n^i..v  .,  ,  ,  in  miiny  e^scs, 
to  know  the  specific  gravity  of  a  body  in  order  to 
jadge  o(  its  qunlhy* 

k 

^^^•^     ^'^  ""-  -n^  Farces^ — As  wc  diaccni  in  ourseUes 

Bth<  f^  and  iu>  raU^r,  the  invisible  ^pirilf  so 

we  fccognue  in  external  natore  bodies  wbieh  wc  caji 

U;tr^'  -  '  -  r-    1'      -1    .  .-'^.^    --  jmwers  ruling  these 

Ik 

14*,  —  1  he  iiiitumen^ble  msitirai  bodies 

wt:--*  ':  —  *' ^'''  '  -  -^"  •■*'*d  into 

MtT  v^r  iwrf- 

in  wuch  bodies  exiat  ta 
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Qyhcsion.  —  To  divide  a  piece  of  ice  into  smttller^ 
fmgtncnts,  a  greater  farce  is  re<jinsitc  than  to  sepaimtc 
water  into  minute  portions ;  whence  we  infer  that  the 
particles  of  the  solid  ice  adhere  more  strongly  than 
tliose  of  the  fluid  water.  A  certain  attracting  power  is 
regarded  as  the  cause  of  this  difference;  it  act^  on  the 
very  smalleist  particles  of  matter,  and  is  called  cohesion 
or  homogeneous  attraction.  In  solid  bodies,  cohesion 
is  stronger  than  in  liquids,  and  in  aeriform  bodies  hard* 
ly  a  trace  of  it  cnn  be  perceived. 

The  Annent  Elements^  w  eallt(L  —  Of  solid  bodieSj  tlie 
most  widely  diffused  is  earth;  of  liquids,  water;  and  of 
lh«  aeriform  bodies,  ain  From  this  the  ancient  phi- 
losophers concluded  that  all  solid  matter  was  formed 
of  carth|  all  liquids  of  water,  and  aeriform  bodies  of 
air;  on  this  account  they  called  them  eiemrtits,  or  jm- 
man/  fnaiier.  They  cannot  now  be  regarded  as  such  in 
a  chetnical  point  of  vieWj  since  tliey  have  been  decom- 
posed into  still  more  simple  bodies ;  but  they  may  be 
viewed  as  phj/stcal  elements,  that  is,  as  types  of  the 
three  aggregate  sta^tes  of  bodies, 

20-  We  have  no  absolute  knowledge  of  the  forces  of 
nature,  they  having  as  it  were  a  spiritual  existence.    We 
are  neverthelcaH  as  firmly  convinced  of  their  reality  as 
we  arc  of  the  reality  of  our  own  spirit,  for  we  know  them 
by  their  phenomena  and  cfrects,     A  piece  of  iron,  on 
being  thrown  into  the  air,  falls  to  the  ground^  which  is 
a»irrib*^d  to  the  power  of  gravitation;  if  cxposrd  to  u 
inoi.^^t  atmosphere,  it  ruftts,  that  is^  it  tirr*^      ■   **-   ^he 
oxygen  of  the  air.    This  is  the  remilt  of  i  t»  j 

imd  the  force  of  electricity  can  free  the  iron   agmin 
from  this  union.     By  Uie  fnrtic     f  ------  -^^       ..:    __ 

of  tffia,  whf n  balanced  nn  n  } 

from  north  to  «outh ;  by  the  force  of  heat  Jjo 
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melted,  &c,  Sea  From  this  it  appears  that  there  are 
various  forces,  but  it  is  not  improbabie  that  they  have 
one  common  origin,  in  the  same  way  that  all  the  dilier* 
ent  powers  of  the  mind,  will,  i  magi  nation  |  judgmcnt| 
&c<,  are  aU  referred  to  one  single  spirit* 

PLre,  the  fourth  of  the  old  elements,  may  be  regarded 
as  the  symbol  of  these  forces.  This  also  has  lost  its 
place  among  the  chemical  elemeotSj  since  it  is  merely 
a  phenomenon  of  chemical  processes  aflbrding  light 
and  heat. 

Of  these  old  elements,   fire  (heat),  water,  and  air 

play  an  ijiiportant  part  in  most  chemical  experiments ; 

heat  being  influential  in  promoting  chemical  ehanget*, 

and  water  being  the  most  usual  solvent  of  solid  and 

aeriform  bodies.     The  air  deserves  consideration  In  all 

•  case.*^,  for  almost   all   chemieal   experiments  are   pcr- 

[ formed  in  it,  and  it  may  exert  injurious  or  beneficial 

[affects  upon  them*     These  three  so-called  cbemjcal  elc- 

Iments   will  therefore  firs^t  be   more   piirticiilarly   con- 

Jered, 
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WATER    AND    HEAT. 

21*  Water  covers  about  three  quarters  of  the  sur^ 
ice  of  the  globe  j  it  exists  sometimes  solid,  as  at 
""the  poles,  and  aometimes  fluid,  as  in  warmer  regions- 
In  the  form  of  rivers  it  intersects  tlj«  land  in  all 
directions;  while  it  rises  in  vapor  into  the  air,  and, 
forming  clouds,  returns  in  rain  to  the  earth.  Thus  we 
find  it  in  nature  In  its  three  aggregate  forms,  and  it  is 
obvious  that  these  ext*?rnal  rllflcrcnces  have  been  effect- 
ed by  the  agency  of  heat.     Hence  water  is  peculiarly 
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well  adapted  to  serve  as  a  study  of  the  most  impor* 
taut  eflbcts  of  heat. 


EXPANSION  BY  HEAT,  AND  THERMOMETER. 

22.  Expansion  of  Liquids.  —  Eocperiment. —  Take  the 
tare  of  a  flask,  —  that  is,  place  it  on  one  of  the  pans 
of  a  balance  and  equipoise  it  by  weights  put  into  the 
opposite  pan ; — then  fill  it  with  water,  and  ascertain  the 
weight  of  the  latter.  Warm  the  flask  on  a  tripod  over 
a  simple  spirit-lamp,  moving  it  round 
gently  at  first,  that  the  flask  may 
heat  gradually.  The  water  will  soon 
rise,  and  part  of  it  run  over.  When 
it  begins  to  boil,  remove  the  lamp 
and  let  the  vessel  cool,  and  the 
water  will  then  sink  deeper  than  it 
stood  before.  How  much  has  been 
displaced  is  found  by  its  loss  in 
weight ;  it  will  amount  to  about  -f^ 
of  the  first  weight 
The  burning  spirit,  or  alcohol,  heats  the  bottom  of 
tiie  glass  vessel,  which  in  turn  communicates  heat  to 
the  water.  The  heat  expands  the  water,  consequently 
it  occupies  a  greater  space  than  before,  and  part  of  it 
must  run  over.  Hence  it  follows  that  warm  water 
must  be  lighter  than  cold  water.  If  a  pitcher  filled  with 
two  pounds  of  ice-cold  water  be  afterwards  filled  with 
boiling  water,  it  will  weigh  about  an  ounce  and  a  half 
less.  As  it  cools,  it  contracts  again  to  its  former 
density. 

The  same  occurs  with  all  other  liquids,  and  indeed 
also  with  solids  and  gases :  hencey  it  may  be  stated  as 
a  natural  law,  thai  all  bodieM  eaipamd  iy  heatf  mid  Ofl 
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trctet  on  cooling'*  But  the  amount  of  expansion  is  very 
different  in  diiferent  bodies  at  the  same  temperature; 
alcohol,  for  example^  expands  two  and  a  half  times 
more,  mercury  two  and  a  half  times  less,  than  water. 
When  fluids  are  to  be  bought  and  sold  by  measure,  an 
advantageous  applicatioo  may  be  made  of  this  priu- 
ciple.  If  a  hundred  measurea  of  brandy  or  aleohol  are 
purchased  in  hot,  and  sold  in  cold  weather,  there  will 
be  a  loss  of  four  or  five  measurea ;  therefore  we  should 
gain  by  buying  in  winter  and  selling  in  sumraer, 

23.  EspcrimenL  —  In  order  to  observe  more  aeeurate- 
Fi    7         ^y  ^^^  expansion  of  water  by  heat,  adapt  to 
^^B  m  a  flask  a  cork.,  rendered  so  soft  by  gentle 

^^H  I  pounding  that  it  may  be  exactly  fitted  to 

^^B  I  the  o]^nlng  by  mere  pressure;  perforate 

^^V.  I  the  cork  with  a  round  file,  and  make  the 

^^H        Jr  hole  jn^t  large  enough  to  admit  a  glass 

^^P       9  tube.     Pill  'the  flask  with  %vater,  so  that, 

when  the  eork  is  firmly  pushed  in,  the 
water  shall  stand  at  about  a,  {Fig,  7,)  and 
heat  it  as  in  the  former  experiment, 

Tiie  water,  whirh  in  the  former  experi- 
ment was  displaced  from  the  flask,  in  this 
case  rises  in  tlie  tube,  and  the  higher  in  proportion  to 
the  8mallnes3  of  its  bore*  By  this  means  very  slight 
changes  of  space  are  rendered  vis.ib!e,  and  these  de- 
viations may  be  applied  to  the  measurement  of  heat 
This  is  done  by  particular  insimmcnts  called  ther- 
mometers* 

34-  Theiummden  —  Water  might  be  employed  for 
mcasunng  heat,  by  marking  the  boiling  and  freezing 
poinb,  and  graduating  the  intervening  space;  but 
mercury  is  far  better  adapted  to  the  pmpose,  as  it 
boils  and  freezes  at  greater  extremes  of  temperature, 
3 


and  more  rapidly  denotes  the  variatloitEi  of  heat  and 
cold. 

The  vessel  containing  the  raercnry  may  also  be 
regarded  as  consisting  of  a  flask  and  tube,  but  whichi 
iiisiead  of  being  joined  by  a  cork,  are  composed  of  one 
entire  piece*  Having  introduced  into  it  a  sufficient 
quantity  of  mcrcnryj  and  sealed  the  open  end  by 
fusion t  it  is  immersed  in  melting  snow,  and  the  point 
to  which  the  quicksilver  falls  is  marked  Jreezitig'  point  ^ 
that  to  which  it  rises  in  boiling  water,  boilii^  poinL 
The  space  between  these  two  points  can  now  be  divid- 
ed into  degrees,  to  form  the  scale.  The  degrees  below 
the  freej^lng  point  are  of  the  same  dimensions  as  those 
above.  There  are  several  scales  in  use,  though  it  is  to 
be  regretted  that  more  than  one  has  been  adopted.  The 
most  common  are  the  three  following: — Reaumefs  m 
(R),  divided  into  eighty  degrees;  the  centigrade  of 
Cehhis  (C*),  into  one  hundred;  and  Fahrenheit  $  (F.), 
into  one  hundred  and  eighty  degrees.     The  diiference 
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between  these  can  be  easily  seen  in  the  annexed  figure. 
According  to  R  water  freezes  at  0^  and  boils  at  SO^ ; 

according  to  C,  it  freezes  at  0^,  and  boils  at  100^ ;  ac- 
^^L  |.jg  ^  cording   to    F*    it    freezes    at 

^V  B^  c!        r.        +32^,  and  boils  at  212  ^ 

I  ^^^^Bn^HQ         Faliren^teiti  a  philosophical^ 

I  ^^H^^H^^IH     instrument  maker,  commenced 

I  ^Bl^^H^^HIH  ^^^^  freezing  point,  but  at  33^ 

I  ^^^HI^HJI^Hl  ^^1^^^'  ^^*     ^I^^  scale  ];s  stLlI  in 

^^  HH^^H^^HI  ^^^^^'^  ^^^  ^^  England,  and 

^^m  m^aSa^^^^^^^^Bt  the   high    numbers    found   in 

^H  ^^^^^^^^^^^1  English    reckonings   are 

^^  I^IH^^I^l^H  accounied   for.     In   Germany ^ 

[       ^^mJ^HSI^BH^HI  ilaa^mr rV  thermometer  is  used| 
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exc<!pt  for  seicntific  purposrs^  when  the  Centigrade,  in 

common  \ise  hi  France,  19  employed,  and  it  has  been 
adopted  in  this  work*  In  order  to  compare  the^  ther- 
mometers with  each  other,  it  need  only  be  remembered 
that  4^  R,  arc  as  large  as  0^  C*  or  9^  F,  In  reduc- 
ing Fahrenheit  to  Reaiimer  or  Centigrade^  if  the  de- 
gree be  above  tljc  freezing  point,  32^  must  first  be  snb- 
tractcd,  which  process  must  be  reversed  in  order  to  re- 
duce the  degrees  of  tlie  other  scales  to  those  of  Fa  lire  ri- 
heit.  To  the  degrees  above  0^,  the  sign  -f  is  prefbted, 
to  those  below,  the  aign  — •  *^       ^ 

A  cylindrical  thermometer,  graduated  to  300^  C, 
Fig.  B.  like  that  in  the  annexed  figure,  is  best  suited  for 
chemical  ejtperiments,  as  it  can  be  easily  adapted 
to  a  perforated  cork,  and  then  fitted  to  a  flask,  in 
wliich  liquids  are  to  be  heated  to  a  certain  tem- 
perature. The  degrees  above  the  boiling  point 
are  to  be  divided  off  at  distances  equal  to  those 
below, 

25-  QuickaUver  freezes    at  — 40^  Cp     In  the 
northern  regions  of  the  earth  a  degree  of  cold 
of  — 50^  C>  has  been  observed,  and  by  artificial 
[leans  the  temperature  can  be  lowered  to  — 100^  CL 
IWhen  great  degrees  of  cold  are  to  be  measured,  alco- 
I  is  used  in  the  construction  of  this  instrument,  as 
Joes  not  congeal  at  — 100^  C, 

S6.  Quicksilver  boils   at  360^  C,  therefore  Its  use 
!  must  be   limited    to    temperatm-es   below    this   point 
le  high  temperatures  attending  ignition  are  measured 
tlie  expaiision  of  platiuum  bars,  a  metal  wliich  does 
t  melt  even  in  the  hottest  furnace*     Such  an  instru- 
ct is  called  a  pi/romeier.     By  means  of  lenses,  and 
chemical   action,   a  degree   of  heat  of  more  than 
G.  may  be  produced^ 
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27,  Ejjtunsion  of  Solids,  —  If  an  iron  vessel,  when 
cold,  is  just  large  enough  to  pass  tliroiigh  the  door  of  ail 
oven,  it  cannot  be  removed  from  it  when  heated.  The 
iron  bands  or  tires  of  carriage  wheels  are  applied  while 
red-hot  to  the  frame,  and  on  cooling  they  contract  and 
bind  the  wood-work  together  with  great  force,  A  metal- 
lic disk,  whichj  when  red-hot,  fits  exactly  into  a  cireulaf 
box,  win,  ou  cooling,  become  loose,  and  shake  in  it 
The  tire  and  the  disk  both  become  smaller  on  cool* 
ing>  These  examples  show  that  solids  also  are  ex- 
panded by  heat,  and  contracted  by  coldj  and  explain 
rnany  of  the  phenomena  of  common  life.  Clocks  go 
ibster  in  winter,  and  slower  in  snmnier,  because  the 
pcndolums  elongate  in  summer,  and  consequently  vi- 
brate slower,  while  in  wijjter  they  become  shorter,  and 
vibrate  more  rapidly.  A  piano  gives  a  higher  tone  in 
a  cold  than  in  a  warm  room,  on  account  of  the  contrac- 
tion of  the  strings ;  a  nail  driven  into  the  wall  becomes 
loose  after  a  timCj  because  the  iron  expands  in  summer 
and  contract-3  in  winter  more  than  the  stone  or  the 
wood,  and  thus  the  opening  is  gradually  enlarged. 
For  this  reason,  in  the  construction  of  railroads  the 
rails  must  not  be  Md  too  dose  together;  in  the  ar- 
rangement of  steam -pipes,  these  must  not  be  too  iirmly 
inclosed;  in  roofing^  the  zinc  plates,  instead  of  being 
nailed  together^  must  overlap  each  other,  that  they  may 
neither  tear  nor  warp  on  alternate  contraction  and  ex- 
pansion. 

Brittle  bodies,  as  glass  and  porcelain,  expand  or  con- 
tract so  rapidly,  by  sudden  heating  or  cooling,  that  they 
break* 

Expenmenl.  — Wind  round  a  vial  two  bands  of  paper, 
a  and  /?,  Fig,  10,  and  secure  them  firmly  \\ith  thread; 
»^*^2i  a  cord  round  the  vial|  between  these  folds  of 
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pap^  and  more  the  Tial  qiycklj 
^  to  and  fro  an  tbe  conl  until  the 

'^■ll M^  I       latterbn^aks-     Then jimiifdiglriy 
pc^^^jlll^^^      pour  cold  water  upon  Hm  pfaee* 

I  ^W^^^^^       and  the  gla^  will  breali  as  ercn* 

ly  as  if  eat  The  eliarp  edges  e^n 
be  remored  with  a  file  In  Mm 
manner,  common  vi^s,  and  Cotogne,  aod  eireii  ^iga*, 
botdes,  may  be  converted  into  vceseb  adaptad  to  ebetn- 
ica]  and  other  purposes 

It  is  well  kno^n  tbat  heat  is  pftidaced  by  the  fiktioii 

of  two  bodies  tipon  each  otber ;  tlol  by  elldriig  qokUj 

down  a  Iioe  or  a  pole  by  the  bandsi  tbaMi  wffl  be  bnnit^ 

,  and  that  rapid  motion  will  ignite  tbe  axles  afa  eanisgie, 

unless  they  are  well  greased.     Tfan? ^  in  the  above  ex- 

peri  meat,  the  friction  produced  great  heat  m  the  g^aai, 

the  string  emitted  a  biimt  cxior  and  broke^  and  gieat 

expansion   of   the  glass   was   prod  need.      When    the 

outer  surface  was  suddenly  cooled  by  Ihe  ootd  water, 

I  the  expanded  particles  at  once  contracted,  and  more 

tfapidly  in  the  external  particles  than  in  those  of  tlie 

[inner  surface^  causing  the  fractore  of  tbe  glaas;  and  tfie 

(more  easily  the  greater  its  tbickiteML    If  the  tempera- 

jture   had   been    dowly  reduced,  it  would  not   have 

t  broken. 

Thus,  it  is  obrionsi  (aj)  that  glass  and  poredaiii  ves- 
sels intended  for  enstainlDg  high  temperatures,  such 
Bs  flasks,  alembics,  retorti^  cspi^alfs,  j^*^  sfaoold  be  ihlUf 
particularly  at  the  bottom ;  and  (A)  lliat,  when  iai»edf 
^tliey  should  always  be  gradually  heated  and  oooled. 
The  above  method  of  heating  glass  by  a  cord  fuf- 
lishes  the  apothecary  with  a  simple  expedient  for  re* 
Boving  stoppers  which  are  too  finnly  fixed  in  the  hot- 
to   be   taken   out  by   turning  or  tapping  thenL 
3* 


Wind  a  cord  round  the?  neck  of  the  bottle,  nnd  move 
quickly  until  sufficient  iieat  has  been  produced  to  loos- 
en the  stopper. 

No  two  solids  expand  alike;  tlic  metals  expand  the 
most,  and  all  solid 3  less  than  fluids* 

The  expansion  of  gaseous  bodies  will  be  considered 
tillder  the  head  of  air.    (§  97.) 

28.  Expansion  bt/  Cold  —  A  retnarkablc'exception  to 
this  law,  of  expansion  by  heat,  and  contraction  by  cctld, 
occurs  in  the  case  of  water. 

Experiment,  —  A  large  flask  19  airanged  as  directed 
in  cxperirucnt  23,  inserting  also  a 

I~  ^si  cylindrical  thermometer,  g,  through 

BB  a  hole  made  in  the  cork*     The  flask 

flfl  is  Med  with  water  to  the  top  of  the 

BB  tube  6,  and  placed  in  a  vessel  filled 

llfl  with  §now.     A  strip  of  paper  may  be 

^F^  pasted  on  this  tube,  upon  which  the 

^m  level  of  the  water  may  be  marked  a^i 

JB  the  thermometer  falls.    The  u^tcr  us 

B^F  j^BkW  the  mercury  stands  at  4*^  C;  yet  on 
nKu'i^  B0W  cooling  still  more  it  does  not  fall  any 
^BgB^maj  i^irtlitfr,  as  we  should  expect  it  woiild^ 
but,  on  the  contraryj  it  begins  to  ri^e 
a<^ain,  and  coiitliuitiif  to  do  so  till  it  readies  the  Gnecring 
point-  At  0^  C  it  stands  at  the  same  point  as  whrn 
its  temperature  was  at  8^  C.  Water  is  accordingly 
the  densest  at  4-4^^  C;  all  other  liquids  continue  to 
increase  in  density  as  they  cooL 

29.  However  unimportant  this  exception  may  appear 
at  first,  our  admiration  must  be  the  greater  when  we 
reflect  upon  ita  roriiaeqnenccs.  Were  it  not  for  th1i| 
our  country   nould  have  the  climate  q[  Grrcoland 
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he  freezing  of  our  waters,  as  the  winter  seta  in,  is 
incipally  owing  to  the  coldness  of  the   atmosphere. 

^Consequently,  the  npper  part  of  the  water  is  coltler  and 
heavier  J  and  sinks  to  the  bottom ;  the  wanner  water 
ascends,  becomes  cold,  and  also  sinks.     If  the  water 

'  continually  became  denser,  lo  its  freezing  point,  this 
circulation  would  continue  till  the  whole  mass  of  water 
to  its  greatest   depth-  reached  0^   C,  and  a  few  cold 

'  days  would  sufiice  to  convert  all  our  ponds,  lakes,  and 
rivers  into  ice.  This  does  not  happen,  because  the  cir* 
culation  ceases  when  its  temperature  has  fallen  to  4^ 
Q  ;  when  the  water,  though  yet  colder,  becomes  light- 
er, and  floats  on  the  surface.  Thus,  freezing  can  only 
take  place  at  the  surface,  and  the  ice  bo  but  gradually 
formed.  At  a  siuall  depth  below  the  ice,  the  water 
always  retains  the  temperature  of  4"^  0. 


MELTING  OF  SOLIDS. 

30.     The  expansion    of  bodies  is  the   first  general 
^effect  of  licat;  but  in  solid  bodica  another  effect  is  ob- 
served; they  change   their  aggregate    etate,  they  be* 
.  €5omc  liquid,  they  melt.     Many  of  them  become  sojl  be* 
"fore  melting,  so  that  they  can  be  kneaded;  for  instance, 
butter,  glass,  and  iron ;  in  this  condition,  glass  can  be 
bent  and  moulded  like  wax,  and  iron  can  be  forged. 

Experim^uL  —  Hold  a  piece  of  a  small  glass  tube  in 
the  upper  part  of  the  flame  of  a  spirit-tamp,  revolving 
^  it  slowly  between  tlie  fingers  ;  when  red-hot,  it  will  be 
^go  soft  that  it  can  be  bent  into  any  shape  desired. 
Thus  are  easily  formed  any  of  the  numerous  bent  tubes 
.Tequircd  in  chem^ieal  experiments.  For  softening  larger 
[tubes,  a  lamp  with  a  double  blast  must  be  used,  as  this 
(fives  a  much  stronger  heat  than  the  simple  lamp.     To 
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break  a  glass  tube,  a  ecratch  is  made  upon  it  with  a 
three-coniered  filej  at  the  place  to  be  broken,  and  then 
it  cao  be  parted  by  gently  pulling  with  both  hands. 

Most  solid  bodies  become  suddenly  fiuid^  as  ice,  lead, 
&e, 

31.  ExperimerU,  —  Place  one  vessel  containir g  snow 
or  ice,  and  another  containing  a  piece  of  tallow,  on  a 
warm  stove,  testing  from  time  to  time  the  meiUng  sub- 
stances with  a  thermometer ;  the  temperature  wiJi  re- 
main stationary  in  the  first  vessel  at  0^  C,  in  the  olher  at 
about  38^  C*,  so  long  as  any  ice  or  tallow  remains  uo- 
melted,  but  when  the  melting  is  complete  it  wilt  com- 
mence rising.  The  degree  of  heat  at  which  a  body  mclte 
is  called  its  meUing^  point*  Every  substance  has  its  own 
melting  point,  sometimes  above  and  sometimes  below 
the  freezing  point;  for  example,  lead  melts  at  above 
300'^  a,  silver  at  above  1000^  C;  solid  quicksilver  at 
— 40^  C.  If  these  two  vessels  containing  water  and 
melted  tallow  are  placed  in  the  cold^  it  will  be  observed 
that  the  tallow  soon  hardens  at  about  +35^  C»,  but 
the  water  not  until  the  mercury  has  faUeu  to  0^  C* 
Thus  the  congelation  of  fluids  takes  place  at  about  that 
temperature  at  which  they  pass  from  the  solid  to  the 
fluid  state. 

Many  substances,  coal  for  instance,  have  never  yet 
been  melted,  and  others  have  never  been  fro:sen,  as, 
for  instance,  alcohol ;  but  it  is  very  probable  that,  when 
some  method  of  producing  the  greatest  degrees  of  cold 
and  heat  is  discovered,  M^e  shall  succeed  in  rendering  aU 
solid  bodies  liquid,  and  all  liquids  solid. 

32.  Latent  Heat.  —  RtperimenL  —  Put  two  vessels 
of  equal  size  on  (he  hearth  of  a  warm  oven,  one  of 
them  containijig  a  pound  of  snow  at  0^,  and  the  other 
a  pound  of  water  at  0^  ;  when  the  snow  is  melted,  re- 
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moTC  them  both.  By  the  touch  merely  it  will  be  per- 
ceived that  the  Bnow-v\'uter  is  still  cold,  while  the  water 
ij]  the  other  vessel  has  become  ^va^m ;  and  the  thermom- 
eter will  indicate  that  in  the  former  the  temperature 
is  at  0^  C,  in  the  latter  at  75*^  C.    Both  vessels  have 

[received  equal  degrees  of  heat,  and  when  put  Inio  the 
oven  were  of  the  same  temperature ;  the  question  then 
suggests  itselfj  What  has  become  of  the  75^  of  heat 
imparted  to  the  vessel  filled  witli  snow?  The  reply  is^ 
Thi^  heat  has  been  absorbed  by  the  snowj  thus  convert- 
ing it  into  a  iluldj  —  melting  it 
EirpcrimenL —  Put  one  pound  of  snow  at  0"^  C.  into 
the  vessel  containing  the  water  heated  at  75^  C,  and 
then  test  with  tlie  thermometer ;  as  soon  as  all  tlie  snow 
has  disappeared j  the  quiek silver  will  fall  to  the  freezing 
point.  Consequently  the  snow  has  taken  from  the  hot 
water  75^^  C.  ol'  heat,  and  has  thus  become  liquid* 
33.  ExperimenL  —  This  heat  has  by  no  means  been 
annihilated  in  the  water,  but  is  concealed  there  (latent), 
and  continues!  thus  hidden  as  long  as  the  water  exists  in 
a  fluid  state.  But  it  will  again  become  free,  or  sen-sihle 
to  the  touch,  when  the  water  assumes  a  solid  form*  Tliis 
may  be  rendered  obvious  by  sprinkling  |  of  an  omiee 
of  water  upon  1^^  ounce  of  quicklime  ;  the  lime  swells, 
becomes  very  hot,  and  finally  crumbles  into  a  fiiie 
powder-  If  this  is  weighed  when  eold,  it  will  be  found 
to  have  increased  in  weight  by  half  an  ounce;  thus 
two  ounces  of  slaked  lime  have  been  produced  from 
an  ounce  and  a  half  of  quick  lime ;  the  quarter  of  an 
ounce  of  water  missing  has  passed  off  as  steam.  The 
water  alone  could  have  efibcted  this  increase  of  weight 

I  by  combining  chemically  with  the  lime;  and  it  can 
fixist  there  only  in  a  solid  state,  as  the  slaked  lime  is  an 
jfeutircly  dry  pulverulent  substauce.     Tins  great  devel" 


opment  of  heat  can  be  explained  tlms :  imrtJ y  lw*r:tu.'Mi 
the  water,  in  becoming  solklj  gives  up  the  heat  ^%iiit'h 
it  bad  absorbed  In  passing  to  the  Huid  etatc,  and  partly 
because  of  the  chemical  combination  between  the  two 
bodies  taking  place  witli  great  eniTgy.  A  (Umppear' 
ance  of  kmi  ahrar/s  en^ueit  tt^hen  solid  btKiies  become 
fluid;  hui  an  evolution  of  htal^  on  the  contrar^^  irArn 
liquid  bodies  hrvome  $olid;  and  thus  b  explained  very 
!<iinply,  for  example^  why  the  air  remains  cool  when 
the  j^DDW  and  ice  are  melting  in  the  spring,  and  whjT 
the  weather  moderates  on  the  fall  of  snow. 

That  heat  which  h  fidt  by  us,  and  which  is  indicat- 
ed by  the  thermometer,  is  called  free  heai;  it  has  but  a 
feeble  oflinity  for  bodies,  and  easily  leaver*  them  nn 
^cooling.  That  imperceptible  lieat  on  which  ihe  tluidity 
of  liquid  bodies  depends,  and  which  on  frccs^ing  es<:npi*!» 
or  becomes  free,  is  called  lafent  heat*  Hence  a  iUiid 
tuay  be  regarded  as  a  coinbinatiun  of  a  solid  %\nth  hi- 
tent  beat. 
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34,  Baiiin^  of  Water* — Wuter,  as  i^  well  kno^ 
boiU  when  heated  to  a  certain  temperainrc- 

Experimrnt.  —  Water,  to  which 
»omc  pri\v<^       '  '  ■    '   H 

heated  in  u  ,     it- 

lump*     The  tube  is  held  by  the 
up!  '  '  j»a 

nin  it 

the  dame  mtiy  taivo  t%, 
to  ' 

If t:  ,  -t 

it  wilt  be  nceii  tliat  the  stiwilimt  wwctidji  cm  tiui 


Fig    13. 


surface  of  the  liquid,  and  descends  in  the  lower  strata; 
the  warm  water,  becoming  lighter,  rises  upwards,  whiJe 
the  colder,  consequently  heavier^  water  sinks ;  the  water 
ctrculutes.  In  consequence  of  this  circulation j  the  heat- 
ing of  fiuids  takes  place  more  rapidly  when  the  heat  is 

applied  benealh*  Test-tubea 
are  cylindrical  glass  vessels 
with  rounded  bottoms.  To 
prevent  their  breaking  on  the 
application  of  heat,  the  bot- 
tom must  be  thin,  and  blown 
of  a  uniform  shape*  A  sim- 
ple wooden  rack,  as  in  the 
as    a    convenient    stand    for 
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serves 
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E3:periment  —  Repeat  the  former  experi- 
ment, using  instead  of  the  tube  a  flask, 
and  omit  the  sawdust,  so  that  the  water 
may  remain  clear ;  in  a  short  time  many 
little  bubbles  wiU  appear  on  the  walls  of 
the  flask,  which  will  gradually  increase  in 
size,  and  rise  towards  the  surface.  These 
bubbles  consist  of  air,  which  is  expanded 
by  heat  and  expelled  from  tlie  water.  AH 
spring-water  contains  some  air  in  solution, 
and  to  this  is  chieily  due  its  refreshing 
taste,  which  is  not  found  in  boiled  water  or 
in  that  which  has  been  standing  for  some 
time.  Afterwards,  when  the  water  has  be- 
come quite  hot,  larger  bubbles  appear  on 
the  hotter  part  of  the  flask,  which,  also  ascending,  be- 
come smaller  and  entirely  disappear  before  reaching  the 
surface  of  the  water;  they  consist  of  aeriform  water 
(steam),  which  condenses  as  it  comes  in  contact  with 
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be  cooler  liquid  above.    The  collapsing  of  the  parlic 
water  at  the  plaices  where  tbe^e  stcam-biibbles 
Bar  occasions  that  peculiar  noise  which  prec3cda» 
bDiling,  and  which  13  commonly  called  the  .  ^f 

the  uuter.  When  the  whole  mass  of  water  is  l..« 
100^  C,  these  bubbles  no  longer  eondensCj  but  i 
Hihe  surface,  where,  surrounded  by  a  thin  film  of  wtitctf, 
^■hey  remain  quiescent  for  a  few  seconds,  and  then,  tht'ir 
^Pbi*atery  mantle  again  sinking,  they  finally  burst  'Hum 
^^18  the  hoiihtg-  of  water*  It  boils  at  100^  C*;  olhit 
iquids  boil  more  readily, —  alcohol,  for  instance,  at 
}^  C;  others  again  more  dillieultlyj — mercuryj  for  in- 
*ance,  at  360^  C. 

35,  Sicant,  —  The  space  above  the  boiling  walcr  10 

the  interior  of  the  llnitk  appears  vacant,  but  it  is  in  faict 

Jled  with  aeriform  water,  whkh  lias  displaced  the  air 

Ihut  was  in  it.     This  aeriforrn  water  Ia  called  Jiienm. 

It  is  ahnost  1700  timt^s  lighter  than  water,  because 

measure  of  water  yields   nearly  1700  measured  of 

team  at  100^  C.     Within  the  fiask  the  steam  is  tmii9- 

parent  and  invisible,  but  in  the  open  air   it  ascetidft 

in  the  form  of  white  elouda,  which  greatly  iijcreaji*0  if 

Ad  air  is  blown  into  the  llask  by  means  of  a  glaa 

ibe.     On  cooling,  (he  tranispareney  of  the  vapur  h  di 

turbed,  on  accouift  of  the  formation  of  ilropfi  of  watCTi 

w)  small  unfl  light  as  to  Hoat  in  the  ajr-     Clouds  iilm 

mnhi  of  thi:s  partly  condensed  vapon     Ab  the  con- 

leni^ritjon   increases,  th*!   dn»p«H   become  so   large   and 

tteavy^  that  they  descend  as  rain.     A  therroorr  *  ■ 

|RT«cd  in  boiling  water  indicates  100^  C;  if 

he  steam  immediately  abovCf  it  Hhowa  1 1 

^lis  tempcridnre  will  not   -^  1: -h- -   i 

:iiling  be  continued,  or  i 

be  lamp  be  urged.    Tbb  i#  mmiiar  to  wlint  occtm  iti 
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the  meltijig  of  snow ;  heat  db^ppears,  and  its  disap- 
pearance proceeds  from  the  same  cause  in  both  oases; 
steam  requires  htat  for  its  existence  as  such,  and  19  bo 
intimately  combined  with  it  that  the  excess  is  no  longer 
perceptible,  —  it  is  latent.  If  water  may  be  regarded 
as  a  combination  of  ice  with  latent  hcat^  so  steam  may 
be  considered  as  a  combination  of  ice  with  still  move 
latent  heat;  which  latter  becomes  free  again  on  the 
conversion  of  steam  into  water. 

36.  Experifttent  —  Adapt  the  shorter  limb  of  a  bent 
glass  tube,  by  means  of  a  perforated  cork,  to  the  neck 
of  a  flask,  and  pass  the  longer  limb  to  the  bottom  of  a 
beaker-glass  or  common  tumbler.     Pour  into  each  of 

these  two  vessels 
two  oujices  and 
a  half  of  ice-cold 
water,  and  grad- 
ually heat  the 
glass  upon  a  tri- 
pod until  it  boils. 
Note  the  time  re- 
quired for  this 
operation.  Con- 
tinue the  process 
until  the  water  in 
the  beaker-glass  begins  to  bubble,  and  note  also  the 
time,  which  will  be  found  the  same  as  that  required  for 
heating  the  water  iu  the  flask,  I'he  steam  formed  in 
the  flask  has  no  other  outlet  than  through  the  tube  into 
the  water,  where  it  condenses,  until  the  contents  of  the 
second  glass  reach  the  temperature  of  100°  C-,  and 
boil. 

Both  of  the  vessels  must  now  be  weighed ;  and  it 
will  be  found  that  the  flask  weighs  half  an  ounce  less 
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and  the  beaker-glasa  half  an  ounce  more  than  before  p 
consequentlyj  lialf  an  ounce  has  passed  Ironi  the  far- 
mer as  Bteam,  and  baa  been  oondensfd  again  i»  tbei 
latter;   and   yet   this    haU-onnce  of  steam,    wliicli   it* 
self  was  not  hotter  than  100^  C.^  could  beat   to  the 
boiling  point  two  ounces  and  a  half  of  ice-cold  water. 
What  is  the  source  of  these  500  additional  degrees  of 
heat?     They  %vere  latent   in  tbe   steatii,   and,   on    it^ 
being  condensed^  were  set  free.    These  were  caused  bj 
the  heat  of  tlie  spirit-Iampj  as  must  be  obvious  from 
the  above-noted  amount  of  time  coni?umed»     Assoming 
that  the  time  required  to  boil  the  water  in  the  finit  Husk 
was  ten  miimtess,  niid  also  ten  minutf*s  for  boiling  the 
water  in  the  second  veaHcl,  it  follows,  that  the  aame 
amount  of  heat  which  was  required  for  heatitig  twd 
ounces  and  a  hsdf  of  water  wa**  only  sutncicntto  evap- 
orate half  an  ounce  of  water;  the  whole  heat  given  out 
in  the  last  ten  minutes  from  the  spirit*lamp  must  coo* 
sequently  have  been  converted  into  hitcnt  heat     If  half 
an  ounce  of  boiling  water  received  during  the  evapora* 
tion  the  amount  of   600^  of  heat,  then  the  ^team 
evolved  nmst  hiive  given  olT  just  as  mueh  Ijcat  when  it 
again  assumed  a  liquid  state;  consequently,  it  mu^l  be  j 
ab)»  to  rsiisc  the  teuqiernlure  of  two  ounccj^  and  a  half  H 
of  water  at  0^  Q  to  that  of  100^  C.  " 

The  property  of  ^tcam  to  absorb  a  large  quantity  of 
heat,  and  to  part  with  it  again  during  condcTni«at4iMi| 
pen^uliitrly  adapts  it  for  the  h*?ating  of  i»r 
biuning  of  tbt^u  being  thus  guarded 
heat  of  .Hteam  in  open  veeaek  can  naver  ejteeed  100 
Apothecanc»  avail  i 
tion  of  infunioiiH,  d^ 
miiny  of  the  procos^eti  of  f 
tion  of  npirtii ;  it  13  etnplax  t 
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establiskmeDta,  and  is  often  reaorted  to  for  heating 
»  apartmetitd,  biiitdiugsj  lauadrieg,  &c, 
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The  increase  and  deereaae  of  heat  produced  by 
ange  of  the  aggregate  state  of  bodies  will  be  made 
clear  by  the  annexed  diagram.  As  the  steani  ascends 
in  the  direetion  of  the^  arrows  (by  liquefaction  and 
evaporation)  heat  becomes  latent,  and  aa  it  descends 
(condensation  of  vapor  and  congelation  of  fluids)  heat 
13  liberated- 

37*  AqtieatiS  Vapor.  —  Water  exposed  in  a  vessel  to 
'  the  open  air  disappears  in  summer  more  rapidly  than  in 
winter;  the  heat  of  the  air  r^ndei^  it  aeriform, — it  erop-^ 
orates.  Tlie  same  hap[>ens  as  in  evaporation  over  the 
fire,  only  in  the  former  case  evaporation  takes  place 
without  any  visible  motion  of  the  water,  owing  to  its 
becoming  aeriform,  not  thronghout  the  \^^hole  mass  at 
once,  bat  upon  the  surface  only*  Vapor  riBcs  in  an  in- 
visible form  in  the  air»  "Warm  air,  indeed,  receives 
more  of  it  than  cold,  but  a  fixed  quantity  of  it  only  for 
each  temperature.  Thus  one  hundred  measures  of  air 
atO^  C.  absorb  two  thirds  of  a  measure  of  vapor; at 
10^  C*,  one  meastire  and  a  quarter;  at  20^  d  two  and 
an  eighth  measures,  &c  If  the  air  has  not  yet  absorbed 
all  the  vapor  which  it  can,  it  eagerly  takes  up  more^  asj 
:  for  example,  when  one  hundred  measures  of  air  at  30^  O, 


measure*  oi  vapory 

articic^  are  soon  f^fi'^' 
in  it  by  rapid  evaporation*  But  if  it  be  already  sa 
ed  with  vapor  it  is  called  mmsi  air ;  aiid  damp  articles 
cannot  be  dried  in  it,  or  at  least  but  slowly.  If  yt?t  more 
vapor  be  added  to  this  satumtcd  atmosphere,  or  if  it  be 
cooled,  then  the  exce^^a  separates  in  visiblt?  purticle*, 
^cailed  mist  or  fog  when  tbey  lie  upon  the  enrfa*''  •♦*■ 
Ihe  earth,  itnd  *ciomh  when  they  float  in  the  h 
regioiii  of  the  atmosphere.  The  white  iinoke  whieh  in 
f  winter  is  seen  rising  from  the  chimneys^  the  vi^ibk*nr!M 
)f  the  breath  in  frosty  weather,  and  the  smokixig  of 
ivers  in  winter  aud  after  a  storm,  arc  phenoineiiu  of 
fie  same  kind* 
38*  If  the  cooling  of  the  air  is  occai?ioned  by  aecdd 
3ljd  bodyj  the  vapor  is  then  eondensed  in  stnnll  drops 
of  water,  as  may  be  observed  on  the  ouUide  of  a  cold 
glass  when  brought  into  a  warm  room,  and  the  deposit 
moisture  on  the  inside  of  onr  window-panes,  wlietl 
oolcd  by  the  external  cold  air.  The  temperature  at 
P^'bich  this  ixjcurs  is  called  tlie  flew-prmtt,  signifying  the 
temperature  at  which  the  air  ia  ftaturated  with  vjipor. 
MvptrmeM. -^  Fill  a  iutnbW  one  quarltT  full  with 
cool  water,  place  in  it  a  tfiermometer,  and 
at  short  inturvol?*  ^^'radually  ;itld  ire  or  wild 
water,  until  moisture  begins  to  depo- ' •  --i* 
the  oiitiiide  of  the  glaas*.  Then  o! 
the  degree  indiejited  by  She  thr  f, 

which  U  the    dew»point     If   in < 

W^tcf   must   be  adiled    befons   the 
over,  thrit  i*s  if  the 
tempeialan?  of  th< 
;  Wilde,  on  Uie  oot 
twccn  ihe  dew-point  und  the  U^u 
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bnt  slight,  rain  may  soon  be  expected,  as  then  th@  air 
le  qui  res  but  a  sligfit  adcJition  of  mol&ture  or  increase  of 
cold  to  become  saturated,  liiijtrunienta  by  means  of 
which  the  amount  of  mobtare  in  the  air  m  aseertuiued 
are  called  hpgTomelers*  Many  substauccs  readily  im- 
bibe moisture  from  the  air,  arid  become  damp;  such 
bodies,  for  instance^  as  catgut,  carbonate  of  potatssa,  sul- 
phuric acid  J  fresh  barley-sugar,  &c,,  are  called  hi/g-ro- 

39.  Evaporation  may  be  accelerated,  not  only  by  heat, 
but  also  by  a  current  of  air,  because  by  this  means 
the  air  above  the  surface  of  the  iltiid,  which  is  charged 
with  vapor,  is  removed  and  replaced  by  a  drier,  and,  as 
it  were,  more  thirsty  air^  which  takes  up  the  vapor  more 
rapidly  and  abmidantjy  than  the  former*  For  this  rea- 
son, the  earth  dries  rapidly  after  rain,  when  followed 
by  a  high  wind,  and  hence  it  is  necessary  in  kilns, 
laundries,  drying-rooms^  &€.,  to  arrange  them  in  such  a 
jnaaner  that  the  air,  when  saturated  with  moisture, 
ttuay  be  constantly  replaced  by  dry  air. 

40*  That  hmxt  disappears  during  slow  as  well  as  mpid 
evaporation  (§  36)  may  be  readily  illostrated  by  the  fol* 
lo wi  n  g  ex  perime  n  t. 

ExperinienL — Fill  a  tube  half  full  of  water,  and 
fasten  securely  round  the  bulb  of  it  a  piece 
of  cloth ;  saturate  the  cloth  with  cold  wrater, 
and  then  twirl  the  tube  rapidly  between  the 
hands ;  presently  the  water  in  the  tube  will 
become  sensibly  colder,  and  the  degree  of 
cold  in^y  be  accurately  determined  by  the 
thermometer.  Moisten  the  cloth  with  ether, 
a  very  volatile  liquid,  and  twirl  it  agtiin  in  the 
same  manner  as  before  \  by  which  means  its 

contents,  even  in  summer,  may  be  convert- 
4. 


i 


i 


42 


WATER   AND    OEAT* 


ed  into  ice.  Water  evaporates  slowly,  ether  rapid- 
ly ;  and  both  require  heat  for  their  conversion  into 
vapor,  and  in  the  above  experiment  they  obtain  this 
heat  from  the  water  in  the  bulb,  which  is  of  course  the 
reason  of  the  water  becoming  cold.  On  this  principle^ 
one  feels  cool  on  jost  leaving  the  bath,  when  invested 
in  damp  garments,  or  when  the  floor  of  a  hot  apart- 
ment is  sprinkled  with  water.  It  explains,  also,  how 
man  is  enabled  to  support  the  scorching  sun  of  the 
hottest  climatesj  and  even  to  endure  a  heat  of  iOO^  C;, 
without  his  blood  exceetling  tlie  temperature  of  IVora 
38^  to  40^  C;  it  is  owing  to  the  more  copious  per- 
spiration, which,  by  evaporation,  renders  all  the  heat 
above  40^  Cv  latent  If  we  blow  on  hot  soup^  it  is  also 
Hie  increased  evaporation  which  cook  it  more  rapidly  j 
but  if  we  blow  on  the  cold  bauds  in  winter,  they  be- 
come moist  and  warm,  because  the  latent  heat  con- 
tained iji  the  vapor  of  the  breath  is  set  free,  aa  the 
vapor  is  condensed  into  water. 

4L  DhtiihUioru  —  If  evaporation  be  carried  on  in  a 
rJose  vessel,  the  water  may  be  collected  as  it  forms- 
Ikperiftiend.  —  A  small  glass  retort  is  half  filled  with 
*  ^,    ,^  water   and  heat* 

^^B  y"^'^"--^  ^** '  ^'^^  steam,  as 

^^V  .Ol    a   ^''^''*'^^^— — ^  through  the  neck 

^^v        ^^S^%  ^\^     \  **f  *h®  retort  in- 

^^B        I      11   1 1  \^     ^  to  a  glass  receiv- 

^^V         I  ^*9I  1  ^B^l  ^^f  contained  iji  a 

m  J/    cS^t  ^S^H^P     vessel  filled  with 

I  cold  water,   and 

I       is  there  condensed.     That  the  tefrigoration  may  take 
I        place  more  rapidly ^  the  receiver  is  covered  with  coarse 
iiMLting-paper^  which  is  frequently  moistened  by  cold 


DIFFUSION    OP    JIEAT>  W 

waten  This  operation  m  called  dhtiUniion  (from  dis- 
tiilare^  to  drop),  and  the  pare  water  obtahied  is  said  to 
be  distilled.  It  is  purer  than  spring- water,  ioT  this  rea- 
son, that  the  non-volatile,  eartlty,  and  saline  portlone 
contained  io  all  spring-water  do  not  af^cend  with  the 
vapor,  but  Ternain  in  the  retort  By  this  means  very 
volatile  bodies  also  can  easily  be  separated  from  less 
volatile  ones;  as  brandy  from  the  less  volatile  water* 
Copper  stiUs  are  usually  employed  for  distillation  on  a 
large  scale,  and  for  condensers  vats  are  constructed, 
holding  serpentine  pipes,  or  warms^  which  present  a 
greater  condensing  surface  than  if  the  pipe  had  parsed 
directly  through  the  vat.  The  cold  water  with  which 
the  vats  must  be  tilled  is  very  soon  warmed  by  the  heat 
liberated  in  the  condensation  of  the  steam,  and  must 
occaalonally  be  renewed  by  leading  off  the  hot  water 
firom  above,  and  letting  m  a  fresh  supply  of  cold  water 
beneath* 


DIFFUSION  OF  HEAT, 

Conduction  of  Beat.  —  Ejtpenment.  —  A  test-tube, 
„    ,^  nearly  filled  with  w^ater,  is  held 

iri»    lg_  ^  ' 

over  a  splrlt-lampj  in  such  a 
manoer  as  to  direct  the  llame 
against  the  upper  layers  of  the 
water;  the  water  will  boil  at  the 
top,  but  remaiu  cool  below.  If 
mercury  is  treated  in  a  simijar 
way,  its  lower  layers  will  gradually  become  heated. 
The  particles  of  mercury  w  ill  communicate  the  heat  to 
each  other,  bat  not  so  the  particles  of  waten  Sub- 
stances through  which,  as  in  mercury,  heat  rapidly 
passes,  are  called  cofuludors;  but  bodies  which  comport 
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like  water  are  called  fwn'Coiuhrii?rs  of  Ivrnf,  In  the 
ibnncr  claims  are  ineloded  particiilarly  ihe  muia]r<,  and  in 
^bt.^  lufter,  stone,  glnss,  waod,snow,  watrr,  and  especial* 
iy  cloth,  fur,  linc-iit  straw^  pQ}>erj  as^heta,  &c* 

Tlie  conductors  are  readily  heated,  and  soon  bccomo 
cold  again,  as  is  well  known  to  be  the  case  wilh  iron 
Blovcs.  A  piece  of  iron  feels  hotter  in  the  snn  and 
polder  in  the  shade  than  a  piece  of  wood  at  the  same 
emperntiire.  The  explanation  of  this  deloBion  of  the 
bease  of  touch  h^  that  the  warm  iron  conduct-  it 

lore  rapidly  to  the  hnnd,  while  the  cold  iron  \. ..„  a  a 

tnore  rapidly  than  the  wood  h  capable  of  doltij^. 

The  fum-comhirlors  of  lu^at  are  slowly  h* '  .<1 

ilso  slowly  cooled;  for  tliia  reason,  atovea  c  i     .        J 
5f  brick  (the  Russian  stove)  and  those  made  of  Da  tub 
blest,  a  preparation  of  clay,  retain  tJieir  heat  Id-  n 

ron  stoves,     Non-eouductora  are  frequently  t ...... -d 

^oth  for  preventing  the  quick  heating  and  ihn  quick 
booling  of  bodies.  Vessels  of  glass  and  ]>orceluin  are 
3lac«*d  on  sand  (a  sand-bath)  or  a&hesj  to  heat  them 

idually,  and  thus  guard  against  their  breaking,     If  a 
bot  liquid  is  to  be  poo  red  into  them,  it  inn^t  1m^  done  hf 

lall  portions  at  a  time,  tvvirHng  the  vc^-' ^-  nMun!  fij^ 
jme  niJiiute^  before  adding  more.  ^H 

On  removing  a  vessel  from  the  firej  the  |  'i 

jghould  be  taken  never  to  place  it  while  hot  on  ;,. ur 

|fcfone,  but  always  on  some  non-conductor,  sneh  at 
Irraw  (sfruw  ring^'*),  wood»  pa|>er,  ehiili,  tcv. ;  a^j  they  ore 
jftcn  crackfxl  by  sudden  cooling  and  contraction,  which 

al^o  fretpiently  caused  by  a  eurrent  of  CMild  air. 
of  furnaces.  In ^^  '  with  wrtcKleu 

IdlcA  to  prevent  th        :       _     ^    \  b^w'  lnirnf_ 

Ihould  a  person  desire  to  hold  a  llask  or  a 

krhilc  liquids  are  boiling  in  thecui  be  mu»t  wr»p  roiiiid 
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them  several  folds  of  paper,  or  tie  round  them  a  piece 
of  twijiej  ill  order  that  they  may  serve  as  a  non-con- 
duotor  between  the  glass  rind  his  Gngers.  By  iticlos- 
ing  substances  In  noii-condaetorsi,  tlie  entmnce  of  cold, 
or,  more  correctly,  the  departure  of  lieat,  rnay  be  pre- 
vented ;  this  principle  in  illustnited  in  our  method  of 
clothings  in  the  protection  given  to  oar  wells  and  trees 
bj  covering  them  with  straw,  in  the  prei*crvation  of  the 
seeds  of  plants  by  snow,  and  in  numerous  other  phe- 
nomena of  daily  occurrence*  Hence  nou-conductoni  are 
frequendy  called  preservers  of  heat* 

43.  Radiation  of  IleaL  —  By  conduction,  bodies  can 
eoinniunicat^  or  abstract  heat  only  when  in  contact 
But  heat  is  felt  even  at  some  distance  from  a  fire  or 
from  a  heated  stove,  and  the  earth  is  warmed  by  the 
sun,  although  a  space  of  millions  of  miles  is  between 
them.     This  sort  of  heating  is  called  radmtion  of  kmU 

E^tperime iiL -^  EnvQlop  three  tumblers  with  p^per, 
one  with  silver  paper,  another  with  white,  and  a  third 
with  dull  black  paper,  and  place  them  in  the  sun ;  a 
thennometer  will  indicate  that  the  tumbler  with  the 
black  paper  is  heated  the  most,  and  that  with  the  silver 
paper  the  least,  and  yet  all  these  vessels  have  been 
equaUy  exposed  to  the  rays  of  the  sun*  This  differ- 
ence m  explained  on  the  principlej  that  the  sun's  rays 
are  reilected  from  light-colored  and  shining  bodies, 
whili*t  they  are  absorbed  by  those  which  have  a  dul], 
dark  color-  From  this  absorption  it  would  seem  that 
the  light  of  the  sun's  rays  is  converted  into  heat.  It 
explains  why  black, clothes  keep  us  warmer  than  white 
ones;  why  the  snow  melts  more  rapidly  when  soot  or 
dark  earth  is  scattered  u[>on  it;  and  wliy  grapes  and 
other  fruits  ripen  quicker  against  dark  walls  than 
against  tho^e  having  a  light  color. 
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Tf  hot  water  is  poured  into  the  tumblers  envc]i)[H»d 
rlUi  |Ki|ic*r,  antl  I  he  cooling  of  it  noted  by  the  Ihtr* 
jometcrj  the  contrary  eticct  will  be  obstjTved;  the  gla^t 
>vered  with  black  paper  will  first  become  cold,  and  that 
iTUppcd  in  mhvr  paper  thi^  last ;  because  bodies  with 

I  dull  flurfjiees  mdiritc  the  heat  more  rapidly  than  tha^ 
pith  polished  stirfnccs.  For  this  reason,  coffee  retains 
leat  longer  in  a  bright  than  in  a  tarnished  pot;  a  stove 
m  gluzed  Dnich  tiles  remains  hot  longer  than  another 
If  unglazed  tiles ;  a  smooth  Bhcet-iron  stove,  longer 
ifiMii  u  Biniilar  ont*.  of  rough  ctAst*iron,  &c. 

Tlie  radiation  of  heat  enables  ua  to  explain  some  of 
tiose  common  luilnral  phenomena  which  oUlerwisic 
Irould  remain  obscure.  Why  do  not  the  mya  of  the 
ni,  evA-n  in  the  hottest  summers,  melt  the  snow  upon 
lie  tops  of  high  mountains,  which  are  nearer  than  the 
fevd  portions  of  tlie  cnrth  to  the  sun?  T^ 
bnly  lieat  tho^c  bodies  which  can  absorb  i 

the  rongli  fiurfacc  of  the  earth,     The  snow  is  inchsMl 

mek  by  ttiti  myn  uf  the  sun,  but  Im  *  .hlle  ftod 

liining  bofly  it  reflects  them  and  rcui  i, 

44*  Formaiiim  ttf  Df^w, —  When  tlie  surruee  of  the 

'    '       I>rcome  warro>  the  air  in  hen 

iiL-  day  the  lower  strata  will  n. 

inn  the  upptT,     But  a  ehange  takes  place  after  the 

in   haa  gone  down*     The  earth  continu 

►Eii  without  ni^eeiving  any  in  exehange^ 

eratnre  consequently  diminishes;.     Neither  doen  Uic  ttlf 

n*adily  part  with  its  hvnU  ^uid  fl 
B^  the  night  a  higher  tempemtin. 
ke  earth ;  i%  h  only  cooled  where  it  comei  i  i 


tinsed,  on  Urn  5oU  or  oil  v. 


fiinii  iif 


i^t.1 
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an  a    '  T  h  oovf-'Tud  with  vapor 

..t,.^.   .iom  a   LA  ...  ..iiO  a  warm  room,  —  dew 
bmoK    If  till:  t^nipc^rature  of  the  eart]!  sinks  In   the 
hi  J    pointy  or  below  it^  the  aqueous 

t'pw  , ,.v;  ..i  a  i«(tlid  form,  mul  is  called  frmL 
Hic  miilatiofi  of  heat  from  lli<;  u^irth  is  greateat  when 
tiie  weatlrr  b  rlfMir  and  j*eri?Jie;  but  it  U  ob&ttmctiid  by 
daiuU  and  wiiuJ*  Thus  the  ino^t  copious  deposit  of 
ifewtalke^  place  only  In  clear  and  quiet  nighta.  The 
donila  setre  as  a  screen  in  n^nin-ting  back  to  the  ranb 
Um!  nf»  of  hcat|  so  that  it  can  only  cool  gradtiaily* 
TIm»  aame  effect  is  produced  by  tlic  mats,  &imWt  nud 
boatdii  with  which  the  gardener  eovera  hh  young 
|itaut£  to  pnitA!et  theni  frurn  the  late  froetd  of  spring>  or 
from  (reexinir-  Tlvis  anni;\ed  G^^Qfe,  in  which  anown 
■   U<  f  heut|  will  nerve  to  reiiikr  x\m 


soi^irrioii  Asn  cktftaluzation-, 

—  Water  eaji  difinoWe  many  bodied,  nnd 
tioiit  ioning  ltd  trancpai* 


Water  akd  heat* 


rency.    Such  combinations  me  oalled  solutions.    If  ruin- 

rater  mecff^  wilh  soloble  aubstaiicesj  cither  in  the  earth 

in    the   rock^  through  \vhich  it  ooises,  it  ilistfol^rca 

them;  and  this  e?£|ilairiB  why  ahnost  all  spring-water, 

las  it  evapomtes,  yields  an  earthy  or  saline  rc^kltie^ 

iFrecjuenlly  thi.s  rt^sidue,  particularly  when  it  cotitaiua 

UmCf  is  BO  altered  during  evaporation,  that  it  can  no 

[longer  be  dissolved   in  water,  and  forma  a  hard   in* 

eructation  round  the  inner  sides  of  tlie  vessels  u^t;d  in 

y.     The   springs  of  Carbbad  deposit  so   moch 

sidup,  that  artielrs  immersed  in  tlK^ni   appear  in  a 

Bhort  time  to  hv  extLTtJuUy  petrified  or  ineruetcd.     If 

iter  is  unusually  rich  in  soluble  tsubstances,  espt^cially 

a.^  possess 'medicinal  properties,  a&,  for  exan^ilei 

ron,  sulphur,  &c,,  it  regcives  the  name  of  fuinvral  waleTf 

and  the  springis  irom  whieh  it  issues  are  caUed  miiteml 

springs,    A  pound  of  sea-water  contains  about  half  tui 

ounce  of  substances  in  solution, 

46.  J^eperimeuL  —  Pour  a  tcaapoonful  of  filakcd 
lime  (§3^))  info  a  bnttlr,  and  fill  it  with  water,  cork  it 
upi  and,  after  shaking  it  for  some  minutes,  let  it  stand 
intil  the  water  has  become  perfeetJy  clean  By  rjune* 
fully  inelining  the  bottle,  moKt  of  the  liquid  may  be 
fHmred  (*tT  fre<t  froui  tlie  sediment,  Tliis  opcmtintt  if 
illed  decantation^  and  the  elear  liquid  is  time-^ 
Atmt  is  but  slighdy  soluble  in  water,  three  hnnnnMj 
:»unces  of  water  being  required  to  diKSolve  ha\(  an  ounee 
^{  lirne;  the  excess  remains  undissalved,  and  as  1 
kavier  than  water, i!       '*  ''     '    ttom*    T'^ 

inn  of  it  has  been  *i  ■  n  hv  tb  !r 

i»le  itnpartad  to  the  liquid.    Tlii  - 
Keep  a   part    of     '      '' 
otlJtj  for  future  in*- 

Ptiur  tli6  Ycmaindci  into  a  tnmlilitr.  hi 
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ii^tkiur;  the  Wfiti*r  soon   becotnes  turbid  and  coy* 

er^  and 

.      .    -    .    _    ...c  water 

m  \^msmsi  cli?ar  acain,  it  will   ha^c  loet  iU  aJkntine 

-.      . .    be 

foutid  m  %  pciwdet  at  the  bottom  of  the  ttimhl^r. 

Exp^menL — Put  Into  n  flank  hnU  mi  ounce  of 
pcrar  ov<^  U  three  ounces  of  water,  and  lei  li 
mBohi  iQ  n  waiin  placo  notil  tbc  liquid  lin^  obtatni'd  a 
Akf  lit.     Lltninn  i?ouBUt»  of  a    b!:  :ig* 

iQAi;..,  ..M..U  in  soluble  in  water,  and  h  L  ...     ..koa 
qp  by  tt;  it  atMi  c^ntnliu  aome  caithy  matter,  which  in 
ibfei  and  is  deposited  n  wo 

^_^^  i  from  each  ctber^  as  in 

V     -.  1:' 

T -a    be 

done  more  leadJJy  bv  rf/^r<»* 
For  t^  nt 

-    jiieoe    oi    ..., u,  i-.ipcr 

tola  a  drcalar  Ahupe,   Told 

k  together  twici*,  nnd  then 

ibis  filter  into  a  gUi**«  fitnneL     That  the  pa|K*r 

the  Ktaaa  may  not  eomo  into  too  i4o«e  c<iniact, 

:  a 
-    ..--  .^.  .....  ,,  .,,-    ..lauel 


and  the  0ttk 


»  which  the  liquid  id  lo 
air 
m. 
of 

iiid 

iCU 

orip 


I 


email  ifitcrsiices  or  poriea,  ibrougli  which  liquids,  but  no 
fine  solid  particles,  can  pass;  theise  remain  on  th*;  filter. 
Wrlt.ifig*p;ipcr  cannot  be  useil  for  llltrationj  as  iti^  pores 
re  filled  up  by  glue  or  starch. 
48>  KrpenmeHL  —  Pour  a  part  of  the  obtained  lioiii* 
tion  into  a  gfiiiccr,  and  pass  stripi*  of  fme  bloHing  or  of 
ettcr  paper  one  or  more  tiincfi  through  it,  until  Uiejf 
avc  acfinired  m  distinct  blue  colon  Pre^dcrve  ih^sm 
tripB,  after  being  dried,  in  a  box;  tijey  arc  failed  blue 
mus  or  tejjt-pitper;  tiicy  arc  reddened  by  vinegar, 
emon-juice,  and  all  acid  tlnids,  and  servo  to  te,Ht  n 
itjuid,  to  asccrlaiji  whether  it  is  add  (has  an  acid 
ction), 

ErpcrimenL —  Mix  cautioiidy  oriothrr  [Kmiun  oi  i 

Bokition  with  lemon-juice,  until  tht?  blue  eulor  appt*iii9 

istinctly  red  i  thiis  also  stTves  lo  cpldr  paper.     The  red 

si- pa  per  is  usctl  for  the  purpo&e  of  recH>gnjzin^  n.  chi«4 

{   »ub:*taiices    opposed   to   uckh^  that    ia,   alkaline   or 

ic  bodks;  these  restore  the  original  blue  color  of 

ic  paper,  as  can  be  Bt_'en  by  bringing  it  into  com 

iih  liine-water  or  inoi?trned  a^hfta, 

*VX  ExpcnmenL  —  Add  gnidually,  with  con^stant  agl* 

tion,  lo  one  ounce  of  cold  water.  '       '       '    -rv 

;re,  aa  long  as  it  continues*  to  be  i  |ni 

bout  a  quartiT  of  nn  ounce;  if  more  u  atlded  than  Is 

eecBHarVj  it  will  renin  in    undissolved  ut  i'      '  T 

\w  vcs^^rL     *y\\h  i^olntion  i^«  maid  to  be  .^^r  riE 

liL     If  thitj  mixture  Xh"  boiled,  and  rtultpetra  iigi^ia  be 

lit  two  onnc ■(*:<  nuvrc  wilM  •        to 

rf,     A  therniiMUetAT  hi^i<l  z 

tUuraied  tsolutiort  will  imitoate  i^ui  I 


AU  bcKJieti  iKilubli}  iu  w&ii»r 
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net;  that  is,  they  are  soluble  in  it  only  in  fixed  quanti- 
ties, and  in  most  cases  hot  water  dissolves  more  of 
them  than  cold. 

50.  Expenment  —  If  the  solution  obtained  in  the  last 
experiment  be  poured  into  a  porcelain  dish,  previously 
heated,  and  be  suffered  to  remain  quiet  until  cold,  then 
the  two  ounces  of  saltpetre  which  were  last  added 
separate  again,  not  as  powder,  but  as  regularly  formed 
prisms.  These  prisms  are  sLx-^ided,  and  are  surmount- 
ed by  two  faces  simitar  to  a  roof  j  they  are  called  cn/s- 
tah  of  saltpetre.  (Fig.  23.)  All  crystals  are  character' 
ized  by  having  planes^  edges,  and  angles,  constTnetcd, 
as  it  were,  of  simple  triangular,  quadraiigular,  or  poly- 
angular  pieces,  artificially  polished;  thi^  symmetry  is 
NlVfrm  found  even  in  the  interior  of  them,  as  can  easi* 
fl^S  ^y  ^^  ^^^Vi  by  holding  a  piece  of  transparent 
H  eiyetal  towards  the  light,  and  turning  it  slowly 
I  ^^'^^^  J  ^^  breaking  it^  when  the  fragments  wiU 
I  often  ejchibit  the  same  regular  form  which 
^"^*  eharacteri5!ed  the  whole  crystal.  Thus  in  in- 
animate nature  a  mysterious  power  exists,  siimilar  to 
that  which  compels  the  bees  to  construct  their  six- 
cornered  cells,  and  the  potato  to  produce  its  five-angled 
corolla  and  five  stamens,  and  by  which  the  smallest 
f  particles  of  bodies,  called  at^ms^  are  forced  to  arrange 
themselves  in  a  fixed  order,  assuming  a  regular  shape. 
But  this  can  only  be  accomplished  by  a  body  in  its 
fluid  or  aeriform  state,  since  a  free  moiion  of  the  atomB 
is  cssentiaL  Time  also  is  reiiuired  for  this  operation; 
hence  crystals  are  always  more  regular  the  more  slowly 
they  are  formed.  Many  of  the  splendid  crystals  w^hich 
have  been  dug  from  the  depths  of  the  earth  were,  per- 
haps, thousands  of  years  in  forming* 

01*  Experimeni.  —  Evaporate   the   mother-liqnor  of 


WATEtt   AND    DEAT, 

the  former  experiment,  at  a  gentle  heat^  until  scales  are 
formed  on  the  suriacCj  then  remove  it  from  the  fire,  and 
let  the  liquid  cool,  siirriiig  comtafUly  with  a  wooden 
stick*  In  this  way,  instead  of  crystals^  a  powder  of 
ioltpetre  will  be  obtained- 

The  mother-liquor,  just  alluded  to,  may  be  regarded 
as  a  cold  saturated  solution,  containing  about  a  quarter 
of  an  ounce  of  saltpetre^  If  by  evaporation  only  so 
much  water  is  left  as  is  sufficient  when  hot  to  keep  in 
solution  but  a  quarter  of  au  ounce  of  saltpetre,  then 
crystals  be^n  to  appear  in  the  form  of  a  film  on  the 
colder  parts,  indicating  the  saturation  of  the  liquid-  If 
this  again  is  allowed  to  cool  quietly,  a  second  crop  of 
crystals  would  be  obtained ;  but  by  continual  stirring 
they  are  broken  at  the  moment  of  their  formation, — ^by 
slow  movement  into  a  coarse,  and  by  rapid  movement 
into  a  fine  powder.  This  may  be  called  interrupkd 
cry^iaUizatif^n*  Sugar  presents  a  similar  example;  the 
same  syrup,  when  cooled  quietly,  yields  rock-candy;  if 
stirred,  it  yields  common  loaf-sugar. 

53»  ExperimtnL  —  Put  into  boiling  water  as  much 
common  salt  as  will  dissolve,  and  let  the  solution  cool; 
no  crystals  will  form,  because  salt  is  as  soluble  in  cold 
as  in  hot  water.  Now  evaporate  one  half  of  the  solu* 
tion  over  a  spirit-lamp,  and  set  aside  the  other  half  in  a 
wann  place;  in  the  first  case,  mere  irregular  grains  of 
salt  will  be  obtained,  but  in  the  latter  case,  after  soma 
dayss  regular  cubes  of  salt  will  be  deposited. 

03,  lu^perimcfit,  —  Dissolve  a  spoonful  of  salt  and  one 
of  saltpetre  in  lukewarm  water,  and  put  the  solution  in 
a  ^varm  place,  that  the  water  may  gradually  evaporate ; 
the  two  salts,  which  arc  intimately  united  in  the  solu- 
tion, will  upon  crystaliization  separate  completely  from 
each  other,    The  saltpclje  separates  into  long  prisms. 
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containing  no  trace  of  the  common  salt>  and  the  latter 
separates  into  cubes,  entirely  free  from  saltpetre*  Thus 
the  particles  of  salt  and  saltpetre  did  not  attract  each 
other  I  but  upon  crystallizing  out  of  tlie  solution,  the 
homog-eneous  salts  assumed  separately  a  regular  form, 
precisely  as  if  one  only  of  these  two  sabstances  had 
been  dissolved, 

54-  III  our  climate,  ^v'atcr  takes  a  solid  form  during 
the  winter  only,  and  it  is  well  known  that,  aa  stiow  or 
i  ice,  it  often  forms  the  most  regular  crystals.  But  it 
abo  exists  in  a  solid  form  in  many  bodies  where  we 
should  not  expect  to  find  it;  one  pound  of  iron-ru^t,  for 
example,  contains  nearly  three  ounces,  and  one  pound 
of  slaked  lime  four  ounces,  of  water,  and  yet  both  arc 
!  apparently  dry,  Tliis  water  is  said  to  be  chcmicaUi/ 
cotnbimiL  It  also  unites  with  other  solid  bodiesi  for 
which  it  has  an  affinity.  Such  combinations  of  solids 
with  water  are  called  hf/draies.  It  is  also  frequently 
present  in  salts,  as  can  be  shown  in  a  simple  manner  in 
^the  case  of  the  well-known  Glauber  suUsp 

KvperimenL  —  Place  half  an  ounce  of  crystallized 
[Glauber  salts  in  a  warm  place,  when  it  will  soon  lose 
transparency,  and  finally  cnimble  Into  a  white 
irder,  weighing  hardly  a  quarter  of  an  ounce.  That 
[which  has  been  lost  was  water,  and  it  is  evident  that  it 
[was  this  water  which  gave  to  the  salt  its  crystalline 
[fonn  and  transparency,  these  both  vanishing  with  the 
l€scape  of  the  water.  For  this  reason  the  water,  on 
irbich  depends  the  crystalline  form  of  many  sahs,  is 
the  water  of  cryslaiUzalion.  Saltpetre  and  com- 
lou  salt,  treated  hke  Glauber  saltj?,  lose  nothing  in 
weight,  neither  do  they  become  opaque  nor  pulverulent; 
^they  contain  no  chemically  combined  water, 
5* 
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Fig.  Si. 


COMPOSITION  OF  WATER, 

55.  Besides  tliat  electricity,  wliich  we  admire  on  a 
grand  scaie  in  the  mnjestic  phenomeaa  of  Lightnuig, 
or  which  we  generate  on  a  smaU  scale  by  rubbing 
Tariotis  bodies  togethejr,  a  second  kind  of  electridty  is 
also  recognized,  which  is  called  g^vanic  force,  or  g'ol- 
vanhm.  This  has  attained  great  importance  iji  chem- 
istry, as  by  means  of  it  the  chemist  is  enabled  to  de- 
compose almost  all  chemical  combinations,  even  into 
their  component  parts  or  chemical  elements.  By  gal^ 
vanic  force  water  can  easily  be  decomposed  into  its  ele- 
mentary parts.  This  sort  of  electricity  may  be  gener- 
ated in  various  ways ;  it  is  developed  in  every  chemical 
combination  or  decomposition,  indeed 
quite  fretjuently  when  heterogeneous 
substances,  whether  solid,  hquid,  or 
aeriform,  are  brought  into  con  tact* 
The  oldest  and  most  common  gal* 
vanlc  apparatus  is  the  voUaic  pile^ 
in  which  electricity  ia  excited  by 
the  contact  of  two  different  metals, 
commonly  zinc  and  copper.  A  cop- 
per plate  placed  upon  one  of  zinc  is 
called  a  pair  of  plates;  many  such 
pairs  arc  laid,  ojie  above  the  other^ 
each  pair  being  separated  by  a  piece 
of  cloth  moistened  with  salt  water. 
The  relative  position  of  the  met- 
als in  each  pair  must  be  observed 
throughout  the  w^hole  series,  so  that, 
if  the  pile  commences  with  a  zinc 
plate,  it  shall  terminate  with  a  cop- 
per one.     These  two  extremities  are 
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GOMrosinoic  or   ivatkr. 


8b 


^  poles*    Zinc  is  culled  the  -f-  pole,  ai»]  copper 

ectrk  or  ^  _.  ..   ......A  in  ibc 

maj  be  cottvcycd   to  ajiy   place  desjfed.     \V  bea 

ltb€  ■  1'  *^»*?  wires  are  brocLgbt  veiy  near  fo  ^udi 

lothti,  ^  -n;  i*eeu  to   dart   from   one  lo  the  oiher; 

thU  b  a  taken  t>[  the  galvanic  enrrent,  maiiifcHUng  Jisetf 

ill  Uw  sumo  dtai^ner  as  the  current  ot  the  eltictrical  ma^ 

.dune* 

To  decompoec  water  by  inean^  or  IIuk  pile,  Iho  two 
[wii«,l>  re  oon- 

Idiidedii-  -  -  ,      .  :.   1:5,  filled 

I  wild  wiieTf  are  invcrt4!d,  one  ovtT  the  cad  of  each  wim ; 
I  tbefe  me  evoVvr  *  "         \\ie  ends  of  l><  5  ^cimU 

V<  of   air,  which  a  uto  the 

test^tnbe&t  gnulually  dimpladng  the  wati*r 
'  From  tlie  4*  ^'^  Ire, . 

i  maeh  gas  is  *;  i  as 

from  th43  athor;  cotDieqQeiitJy  the  tube 


f^.». 


1^ 


r  id  L'liiifuly  expeUi?d«  and  a  glowhig 

liant  tiaiii-  .  ,  ._  ,    ,       i       giia ' 

[fividved  irnui  the  —  or  copper  end,  on  llic  canlmryi  ex* 
llngni' 


il; — it  U  cai:  gu$  (JET)*    These  are  the 

F  v^tvr,  whoo  decttjupoaed  into  iU 

d  lutd  Oieaj»m;6  of  Uii!»e  two  gutter 
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NON-METALLIC  ELEMENTS,   OU  METAIr 
LOID^. 

FIRST  GROUP:  0RGAN0QEN8* 


OXYGEN  (0). 
At.  Wt  =  100.  -^  Sp.  Or.  =  14. 

56,  Oxygen  may  be  obtained   in  ^reat  quaottt 
from  water,  by  meaui  of  the  galvanic  batteij^;  but  in  a 
more  simple  manner  as  follows, 

ExperimenL — ^Litroduce  into  a  somewhat  tall,  but 

►  pi^  ^  not  too  thH  imU 

o  tube,  109  graina 

r  of  red  oxide  of 

J=  ^^^  racrcnry.       One 

^^^pT  end    of   n    beat 

^jr^^^Jkf  glasa     tube      b 

jfl|^p^  -^        adapted  to  it  bf 

/f  '  ^w^  ^^f^S      meatiH  of  »  |>i!f^ 

^  ^^^^^HH^      foratcd  cork,  and 

tlio  other  end  U 

con.'  ■      t  '        a 

ve-  I  li 

water,        JSitbcr 

Slinprtid  the?  tul>e 

by    int^ans  of   a 

piece  of  cord  or  wire,  or  support  it  by  a  retort-hoUIer. 

A  rctort-hoider  ia  a  WiKnlcn  stand  provided  \vi  '  v- 

ablc  vice,  by  which  glasa  yc^^hH?*  ran  b«  In  i« 

most  convenient  manner,   aa  shown   in   the  aniiexisd 

figure.     Then  heut  the  tt*«i-tiibf  until  ri''     '  '^     i»r 

mercuf}*   luis  disappeared,     *riie   red   pvw  ^'J 

black  aa  the  lieat  iiH^ffoiMJiiy  and  batiblen  of  atr  cmtape, 

wbioh  ons  coUt*cted  in  a  glad»  batit«3  liiJd  t$ym  Hbe  mid 
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of  the  tahBj  this  bottle  having  been  previously  filled 

with  water  and  then  inverted  info  the  bowl,  after  clos- 
ing the  month  of  it  with  the  finger  or  a  glass  plat£. 
No  water  will  escape  until  bubbles  of  air  from  the  tube 
arc  passed  into  it^  which,  on  account  of  their  greater 
levity,  ascend  and  displace  the  water.  When  the  water 
is  displaced,  remove  the  bottle  and  close  it  with  a  cork, 
replacing  it  with  another  bottle,  hkewise  previou«ly 
filled  with  water,  and  repeat  this  process  tintil  the 
evolution  of  gas  ceases.  The  first  bubbles  that  pass 
over  consist  of  atmospheric  air  contained  in  the  test- 
tube,  but  the  oxygen  g'os  quickly  succeeds.  This  is 
one  of  the  component  parts  of  the  red  oxide  of  inercury, 
and  can  easily  be  recognized  by  the  vivid  combustion 
in  it  of  a  glowing  shaving*  At  the  same  time  there  is 
formed  on  the  upper  part  of  the  test-tube  a  brilliant 
metallic  mu'roTj  which  consists  of  mercury,  the  second 
element  of  the  red  oxide.  When  the  Iq^ter  has  entire- 
ly disappeared,  immediately  withdraw  the  tube  from 
the  waterj  let  the  test-tube  cool,  and  unite  the  mercury 
adhering  to  its  walls  into  a  single  globule,  by  means 
of  a  feather*  It  wiM.  amount  in  weight  to  101  grains ; 
this,  subtracted  from  the  original  weight,  109  grains^ 
leaves  8  grains,  the  amount  of  the  oxygen.  The  red 
powder  consists  of  a  brilliant  heavy  metal  and  of  a 
gas,  two  entirely  dissimilar  bodies.  If  these  are  chem* 
ically  combined  together  by  proper  means,  they  will 
imite  again  to  a  red  oxide,  a  hotly  in  which  the  pecu* 
liar  properties  of  mercury  as  well  as  of  oxygen  are  en- 
tirely lost. 

57.  This  experiment  shows,  also,  how  the  force  of 
heat  alone  can  destroy  a  cliemical  combination,  or  in 
other  words  the  affinity  of  two  bodies  for  each  other, 
Thk  can  be  explained  as  foiloww*     Cliemical  affinity 


I 
I 


,       Ihia 


^cts  only  at  mpercepHble  distances^  eonseqnrnfJy  oAf 
v\w\\  bodies  are  in  elo&esit  contact;  heat  eouQteifac^ 

\h\iA  power,  for  it  ejcerts  an  expanBive  atijoti,  lind  conse* 
ncntly  sepamtes  the  constitaent  particles  from  «ic!i 

5thtT.     In   the  cold,  or  at   ordinary  temperat  •  e 

I  single  partidea  of  the  quicksilver  {Q)  and  o\  j 

\         Fif  3?.  ^^  ^^  closely  united^  tfiat  chemical 

F     «  fl         force  is  sufficient  to  hold  them   to* 

i  ^X$)    ®  ®    S*-*  ^^^^  {^^  ^»&  27) ;  but  at  an  incfeaned 
f®®     (5)  &)    ^^'^^V^^^^^^^  ^hey  are  so  'far  separat* 
ed  (/*),  that  the  iuJluence    of  them- 
Jcal  ttttraptioii  is  overcome.     This  occurs  so  much  the 
loro  readily  iti  thb  instance,  as  both  the  quickistlver 
bid  oxvl        '      Ing,  when  heated,  a  sln>ng  tri.  '  to 

bceouie  ;.  u  help  likevvbe  to  counteract  :  a* 

ciil  force* 

58,  The  botUcs  contniniog  tlie  oxygen  appear  to  be 

Nnpty,  fur  oitysen  is  us  colorless  and  invisible  as  cotii^ 

^on  air,  and  is  without  odo?  or  taste*     la  German  it 

cnlh^i  Stiuet'fitoffitfjy.^  signifying  sour  gas* 

EjL'pcrimcnL — Introduce  a  glowing   shaving  into  ft 

liotth^  of  oxygeri;    it  will   kindle  and  burn  for  fiomo 

itne  with   great  brillirmey  and  a  very  cl;      "  *       t*, 

Jiilthen  be  extinguished.     The  same  talr    ^  n 

piece  of  lighted  tinder  is  affixed  to  a  wire  and  «uii» 

prnded  iti  the  oxygcit;  the  tinkler  Imriis  wlT       '      ly 

^e,  w^iiJe,  as   is  well  known,   it  merely     i  ni 

in  Uie  opiMi  air.     O^ygt^n  po»isf^?ise«,  at  a  high 

|)errdnre,  a  :-f  >     -       -        -  ^-^ 

yoA  and  tin^'  h 

i(  energy,  and  coniequently  with  the  «k 


[*he  product  of  the  eorabu 


tion  of  tlie  wood  irith  ibe  osjgeii,  m  alio  acrifano ;  but 
burning  sabitaiiOGd  am  eKttJigiiabtd  ui  die  aewly 
formed  gas.  If  ihe  bottle  be  impkfly  whiikd  loood,  tim 
g^A  formed  bj  the  coinbctstiao  will  escape,  and  allDoa* 
pbmc  ab  will  soppiy  tta  plaoev  Am  *««■*»*«*  fiee  omy* 
gen ;  and  a  kiodfed  afaairtiig  will  bom  im  it  tm 
time,  but  &r  slower  aad  leaa  hmklj  tfaaa  ta  pore 
gen ;  be^atiae  cooifiiDa  atr  cottimuB  ooij  one  fifib 
of  oxygen.  Aeootdingly,  a  oocabartioo  to  e^^n  piiK 
ceedd  live  umei  mare  Jupklly  and  violoiiljr  tfaan  id  aU 
ID o spheric  air, 

q9*  ExperimeML  —  To  picp^re  a  taiger  qsaaUijr  of 
oxygen,  take  one  hafidicd  gmli^  of  eUaraU  of  pciMMsm^ 
and  heat  it  in  tbe  same  matincr  aa  dcacnbrd  ia  tlie 
former  experimenl^  the  aalt  will  iooa  aeli,  and  afEcr- 
waidti  boLL  A3  sooo  aa  Uiis  botliiig  eoinmeooca,  tbe 
flame  must  be  dlmiiuflbed,  to  prevejit  tbc  man  firom 
foaming  over.  When  tt»e  Uqaiil  tbieketu,  U  womit  ot 
the  subt^tanee  bhoiiid  be  found  adhereal  to  the  eolder 
parts  of  the  test-tubci  approacb  it  with  tbe  Aame  of  tbe 
larnp^  until  it  is  agsin  oielted  down.  A*  aouo  aa  Ibe 
gas  eeases  to  be  genenitadv  diraw  tbe  tube  immediaJeig 
Emm  the  water*  If  you  mix,  by  merdy  rubbing  tognher 
MHth  the  fingets  apofi  a  tbeet  of  paper,  cUoiaie  of 
.sa  with  its  own  wdgbt  of  bladi  oufe  oi  wAai 
*  the  erolutjon  of  gas  wiU  be  ¥astly  aooderatid. 

ISO.  For  eoUeetiitg  g^ae«  in  larger  quantitkaf  the  fol*' 
owing  contriTatiee  may  be  lesorted  tow    Bbfce  a  ibel/ 
out  of  alafe  or  a  pteoe  of  lead, 
aocne  incbe*  bfoadp  and  ao  long 
tbat  h  will  nrst  about  half  way  op 


60 


UBTALUO^m. 


instmmcnt    When  wanted  for  iifte,  pour  into  the  vc 
as  nmch  water  us  wiU  be  sullicicnt  to  cover  the  ebclf  i 
inch  det'pj  ajid  then  invert  the  veatcl  mleiided  for 
reception  of  the  gns,  mth  its  mouth  exactly  orcr 
optMiing,  plficlng  the  extrewiity  of  tlie  gla^»  tube, 
^'bieh  the  gua  proceeds,  directly  beneath,  bo  that  the  . 
niny  enter  it  ns  through  a  fujinel     This  cotitrivaoc 
aiUcd  Ti  pnevvmUr  tmu^lu     In  order  to  coUer*  **- 
serve  hirger  quantities  of  gas,  and  to  cxperii: 
Uif'm   more   conveniently^  special  contiiv^nccs, 
gasometers^  arc  us^d  hi  chemical  laboratories, 

61.  Chlomtc  of  potassm  contains  for  every  one  hil 
drcd  grains  about  forty  grains  of  oxygen  ehcmk 
coinhinrd;  by  the  application  of  heat,  t'-  ■ 
free  and  escape.  Bed  oKide  of  mereury  > 
cii^ht  per  cent,  of  oxygt-n ;  tln-refore  f ht;  fotmtt 
yie!d  five  timesi  more  oxygen  than  the  latter.  If 
of  twelve  ounces'  capacity  arc  selected  for  receiving  1 
gaa,  we  i*hall  be  able  to  fill  live  of  tlienii  and  i>hall  hn 
in  each  about  eight  gmins,  or  nearly  twenty 
inched,  of  oxygen. 

ChU>r;ite  of  patassa  itiny,  tinder  some  eircu 
as  when  strongly  rubbed,  or  treated  with   sii:jtrii| 
iicid»  oceiuHion   vriif  daiu^eraus  exjflosums;  but  no 
gcr  is  to  be  apprehended  from  tlie  appUeutton  of  1 
when  made  ns  abov^  dirfct^*cL 

03,  Ejtp€rime$U^  —  Add  warm  waU^  to  ihc  taHJ 
niuinlng  in  the  tent  •tube  iiftiT  the  expnUion  of  the  oi 
—    ..,1     1  tfx*  the  tube  in  a^-  ^    ■    :^ice  unti* 

.  evapor%t#  th**  f«rerlnfi! 
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'  dtlJt  is  Ibnaedj  and  ooe,  indeed,  which  no  longer 
SSW&^'tSff^m*  The  following  diagram  will  iliiis* 
trate  this  more  dearly. 

CMaralc  of  potmsa  consists  of 

Odoric  ^Oxygen — -^^Oxygeii 

Add     ^  Chlorine  ___         ^^.--^"^^  («e»pes  m  gw.) 


at)d 


['^'^^^rPotaisium 


J  Oxygen^ 


""  Chloride  of  potassiaca 
(remains  in  ik^  ttib«.) 


Bhcperim^nh  with  Oxygen. 

63.  Estperiment  a.  —  Fasten  a  piece  of  charcoal  to  a 
^4re,  and  kindle  it  in  the  flame  of  a  lamp,  and  then  in- 
troduce  it  into  a  bottle  of  oxygen;  it  will  burn  very 
Yividly,  and  with  a  flame.  If  a  piece  of  moistened 
blue  litmus-paper  (§48)  be  introduced  into  the  bottle, 
after  the  combustion,  it  will  be  reddened;  conseqnenlly 
an  acid  gas  has  been  formed  from  the  charcoal  and  tlie 
oxygen  \  it  is  called  carbonic  acid.  Close  the  flask, 
shake  it  a  few  times,  and  place  it  aside* 

64.  EzperimcM  b,  —  If  some  pieces  of  sulphur  are 
fastened  to  a  longer  wire,  kintUed  and  sus- 
pended in  a  second  bottle,  they  will  burn 
with  a  beautiful  blue  flame.  The  gas 
formed  from  this  union  of  sulphur  and 
oxygen  has  a  very  irritating  odor;  it  like- 
wise turns  litmus-paper  red,  and  conse- 
qnently  it  is  of  an  acid  nature.  It  is  called 
snfp/iurous  acid.     This  bottle  is  also  cloised 

and  preserved  for  future  use, 

65.  Expe  rime  til  c.  —  Take  a  small  piece  of  phos* 
phonis,  which!,  on  account  of  its  inflammability,  must 
be  cut  off  ujider  water  from  the  stick,  and  place  it, 
after  having  been  weil  dried  between  blotting-paper^ 
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in  a  scoopcd-out  piece  of  chalk.    Fasten! 
the  latter  to  u  wire,  and  ijitroduec  it  inU*  a 
third  ilask  of  oxygen.     Ailix  the  wire  to  u  I 
truJisTenie  piece  of  woodj  so  that  the  clwlb  1 
may  hang  a  little  brlow  the  centre  of  th^ 
boitlt*.     If  the  pliosphoms  be  now  touchej  1 
with  a  hot  wirci  it  will  kiiidJe  and  buml 
with  a  dazzling  brilliancy,  filling  the  boHk  1 
With  a  thii'k  wliite  smoke*     This  smoke  c*»nsijtts  of  aj 
chemical  combination  of  oxygen  and  phoaphortia; 
reddens  the   blue   t<'St-papcr,  eonseqiiently  is  abo  oil 
add;    it  is   called  phosphoric  aciiL     If  the  bottle  be 
allow^cd  to  stand  for  a  timcj  the  smoke  will  sink  to  tlie| 
botioni,  and  dissolve  in  the  u^it^T  previously  put  tli€ 
which  thus  acquires  an  acid  taste. 

fi(>.  In  the  same  w^ay  as  the  tasteleaa  coal  and  »til'| 
phur  and  the  phosphorui*  acquire^  by  corabiiialioii  whli 
oxygen,  acid  propertiesi,  so  many  other  simple  bodjc 
are  converted  by  ojcygen  into  ackh ;  this  is  the  reasoiil 
why  it  has  received  the  name  ox\t/s:en^  derived  from  U 
Greek  w^orda,  one  of  which  signifies  ucul^  and  the  ytbcr^ 
io  genetuie.     Thence  tlie  words  oxidute  and  ojdie^ 
fit*qncnily  occurring  in  cht^mistry-     Oddak:  tc 

unite  with  oxy^*ni  to  burn;  oxide  \h  tlie  pruu ., 
oombinationf  and  Mignilie»  a  burnt  substmiee,  Umt  ta*, 
5nb?tnnce  combined  with  oxypen»  *ri 
juj<t  nllndc'd  to  may  nbobe  e^iUed  aeui^.^.,.^ 
67.  Experiment  d.  —  Fix    securely    to 
wire  a  pieet^  of  sodium,  niul  l^^t  it 
for  «ome  h^^i^r:  In  ^  k-.mTm  Hiled  wi^< 
gen;   il  b«  1  into  a 

mv 
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test-paper  is  not  changed*by  itj  bat  it  turns  red  test- 
paper  blue;  this  is  a  combination  which  may  be  re- 

giirded  as  the  opposite  of  acidsi ;  it  is  called  axide  of 
mdlttnu     Let  thii^  abo  be  kept  for  fuitire  ii^e. 

The  metal  sodium  has  aoch  an  extraordinary  aiEnity 
'for  oxygen^  that  it  qniekly  attracts  it  from  the  ain 
\  Tf jereforeT  to  presence  it  unchangtHl,  it  must  be  kept  in 
3mc  liquid  containing  no  oxygini ;  as,  for  Instance,  in 
txiaphtha  or  petroleum. 

6S.  Ej:pt^  rime  lit  e^ —  A  piece  of  fine  iron  wire  is  so 
wound  round  a  slate  or  common  lead  pen- 
cil, that,  on  the  withdrawal  of  the  latter,  the 
wire  may  have  a  gplral  fonn.     Fasten  the 
upper  part  of  this  wire,  as  in  experiment  e, 
to  a  cross-piece  of  wood,  and  pUice  on  the 
low^er  end  of  it  a  small  portion  of  tinder. 
When  tliis  is  kindled,  intioduce  the  wire 
into  the  oxygen ;  the  burning  tinder  heats 
[the  iron  to  redness,  which  then  burns  briJliantlyj  tbow- 
ig  out  sparks.     The   iron,  when   red-hot,  combines 
rith  the  oxygen*     The  burnt  or  oxidized  iroii   (iron 
f scales)   melts,  and  falls  to  the   bottom  in  globules, 
[•which  are  so  hot  that  they  are  liable  to  melt  into  the 
Lglass,  though   it   be  partly   filled   with   water.     This 
Iheat,  as  in  the  preceding  case,  h  the  result  of  chemical 
^mbination  taking  place.     Oxide  of  iron  is  insoluble 
w^atcr,  and  for  this  reason  it  afTects  the  color  neither 
jf  the  blue  nor  of  the  red  test-paper;  if  it  w^ere  soluble, 
it  would,  like  oxide  of  sodium,  convert  the  red  into 
blue  paper* 

69.  Such  combinations  of  oxygen  as  are  not  acid, 
but  agree  in  their  properties  with  the  oxide  of  sodium 
>r  of  iron,  are  eatlevi  bases  or  baxin  oxklcs.  Most  of 
ilie  combinations  of  tlie  metals  w^ith  oxygen  belong  to 
fie  bases. 
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70.  By  the  foi^going  acpftimcnts  on  oxidation,  the" 
question    rcciii^, — ^IIow  much   curboHj   siilphuj,   &u\^ 
have  the  eight  grains  of  oxygi^n   contained  in   each 
bottle  consumed  or  taken  up  ?     The  reply  is,  —  They 
have  taken  up  different  quantities. 

They  have  united  as  follows  ;  — 

B  gra.  of  oxj^n  with  3  grs.  of  carbon^  forming  1 1  gri.  of  carbonic  ftdd^ 

'  siilphitrous  juid 
phospliDric  ac-i4 
oxtdo  ofsoiiiuni'' 
bUick  oxtdc  onron. 
oxiik  of  hirdrog^a 

Carbonic  acid  may  be  prepared  iu  different  ways,  but 
it  IS  always  so  coniftituted  as  to  contain  eight  grains  of 
oxygen  united  with  three  grains  of  e^irbon^  and  this 

kBaine  regularity  exists  in  all  the  above  compounds,  as 
indeed  in  ail  chemical  conibi nations-  It  is  a  law  ol 
nature;  themictil  combinations  alwai/s  take  place  accord' 
in^  to  certain  fixed  pr&par lions  bt/  mvasure  or  wci^hL 
Tliis  doctrine  is  called  Stocliiometry  (from  (rrcMxelof,  ele- 
mentj  and  fi*T/joi^,  measure), 

7L  lujcperiment. —  The  liquid  in  the  vessel  c  red- 
dened blue  test-paper,  and  had  a  sour  taste ;  the  liquid 

rin  the  vessel  d^  on  the  contrary,  turned  the  red  paper 
bine,  and  had  an  alkaline  taste^  Add  the  latter  slowly> 
and  at  last  only  by  drops,  to  the  formerj  testing  the 
mixture  frequently  mth  a  strip  of  blue  and  of  red  test 
paper;  there  will  be  a  point  when  the  color  of  these 
two  papers  will  no  longer  be  changed*  The  acid  and 
alkaline  tastes  have  likewise  disappeared,  and  the  mix- 
tiu-e  has  acquired  a  slightly  saline  taste;  it  is  7iaiiraL 
The  phosphoric  acid  haB  chemically  combined  with 
the  oxide  of  sodium,  formiiig  a  new  body  liaving  no 
similarity  to  either  of  the  substances  of  which  it  waa 
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aposed.     To  obtain  a  better  knowledge  of  it,  let  the 

sel  remain  in  a  warm  place  until  the   water  has 

evaporated,   when    smaU    crystals    will  be    deposited. 

;  8ueh  a  combination,  consisting  of  an  acid  and  a  base, 

is  called  a  sail.     This  salt,  phospliate  of  soda,  is  callecl 

^$o(iibk^  because  it  assumes  a  liqiiid  form  upon  the  ad- 

\  dition  of  water, 

72,  Ezfterimeni.  —  Pour  into  the  bottle  which  con- 
Italned  the  carbonic  acid    gas   (experiment  63),  some 
I  lime-water  (§46),  and  agitate  it;  the  liquid  will  be- 
kcome  milky,  and  after  standing,  a  white  powder  will 
f  subside*     The  lime  in  the  lime-water  is  a  base,  as  well  * 
as  the  oxide  of  sodium;  the  lime  combines  with  car- 
I  bonic  acid,  they  mutually  neutralizing  each  other;  but 
the  salt  which  is  formed  (carbonate  of  lime  or  artificial 
'chalk)  is  insolMe  in  water,  and  hence  separates  from  it. 
That  the  carbonic  acid  here  disappears,  and  is  con- 
densed into  a  solid  body,  is  indicated  by  the  suction 
exerted  upon  the  finger  with  which  the  mouth  of  the 
bottle  was  closed  during  the  shaking,  and  the  rushing 
in  of  air  after  its  removal, 

?3,  Krperimefit.  —  Quite  the  same  thing  occurs, 
when  lime-water  is  poured  into  the  bottle  of  experi- 
ment 64;  the  irritating  odor  of  the  sulphurous  acid 
eontaincd  in  it  vanishes,  owing  to  its  combining  with 
the  lirne.  The  salt  formed  (sulphite  of  lime)  is  diffi- 
cuillt/  mlubh  in  water. 

74.  Ejqwriincni*  —  Pour  gradually  into  the  bottle  of 
experiment  69,  one  dram  of  common  sutphnric  acid* 
It  heats  on  uniting  with  the  water ;  and,  after  repose 
and  frequent  agitation,  the  red  oxide  of  iron  which  col- 
lects on  the  sides  of  the  vessel,  an  well  as  the  black 
oxide  of  iron  at  the  bottom,  will  di.ssolve.  In  this 
case,  al^o,  a  salt  is  formedj  since  the  base  (oxide  of 
6* 
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iron)  has  united  chemLcally  with  the  acid;  the  yellow- 
jsh  lit[uid  holds  the  iron  still  in  solutioni 

70»  Deg'rets  of  Oxidatioru — Oxygen  is  a  universal 
food  for  all  dementi* ;  it  is  consumed  by  theiUj  and^  a» 
alread*^  stated,  in  fixed  quantities,  Bot  the  appetite  of 
an  element  for  oxygen  often  varies  according  to  the 
cireuiustaiices  under  which  the  latter  is  presented  to 
It ;  for  example,  it  is  greater  under  the  influence  of  heat 
than  of  cold,  greater  where  there  is  an  excess  than  fl 
where  there  ia  a  deficiency  of  oxygen.  Hence  many 
elements  frequently  consume  greater  quantities  of  it  at 
•  a  high  than  at  a  low  temperature,  and  when  the  sup- 
ply is  copious  than  when  it  is  deficient ;  and  this  ex- 
cess or  diminution  of  consumption  Is  likewise  pre- 
scribed by  fixed  laws.  The  difierent  proportions  in 
which  substances  unite  with  oxygen  are  called  its  de- 
grees of  oxidutioti*     { See  p,  682*) 

76,  When  sulphur  is  burnt  in  oxygen  gas  or  in  the 
air,  it  combines  witli  oxygen j  forming  sulphurous  etcid; 
but  when  it  unites  with  one  half  as  much  more  oxygen, 
suiphuric  acid  is  formed. 

When  phosphorus  ia  rapidly  burnt,  it  forms  with 
oxygen  phosphoric  acid;  but  if  it  be  exposed  to  the  air 
without  the  application  of  heat,  or  be  burnt  with  im- 

f  perfect  access  of  air,  then  phosphorous  acid  is  princi- 
pally formed,  which  contains  two  filths  less  oxygen 
than  phosphoric  acid* 
Accordingly,  by  the  terms  sulphunc  and  phosphortc 
ftcids,  are  to  be  understood  com  bmat ions  with  more 
oxygen  ;  by  the  terms  sulphure>i/5  and  phosphoron-s 
acids,  cxjmbi  nations  with  less  oxygen*  If  an  element 
yields  more  than  two  acids  with  oxygen,  then  new 
names  are  formed  by  prefixing  to  the  acids  the  terms 
per  or  hi/pa ;  for  instance,  perchloric  acid,  h}"posulphurio 
and  hyposulphurous  acids»  &c. 


OXYGEN^ 


77i  Besides  the  red  oxide  or  peroxide  of  quicksilver 
\  (§  56)  there  is  yet  another  combination  of  quicksilver 
I  with  oxygen  j  which  is  blacky  and  contains  only  half  as 
much  oxygen  as  the  former  \  it  is  called  the  protoxide 
[of  quicksilven  Iron  also  forms  two  combinations  with 
I  oxygen  J  one  of  a  reddiiih-brown  color  (i^csquioxide  of 
[iron),  and  the  other  of  a  black  color^  containing  one 
[third  less  oxygen  (protoxide  of  iron).  Accordingly  a 
peroxide  or  a  sesquioxide  is  the  corabijjation  of  a  meta! 
[with  a  greater  quantity  of  oxygen,  and  n  proloxide  h  a 
I  combination  with  a  less  qnantity  of  oxygen*  Many 
metals  have  the  power  of  nniiing  in  more  than  these 
[two  proportions  with  oxygen ;  in  this  case,  the  combi- 
iBation  with  a  less  qnantity  of  oxygen  than  in  the  pro- 
Itoxide  is  called  subo^ide^  bot  that  with  more  oxygen 
[than  in  the  per-  or  sesqiii -oxide,  is  called  ht/p^roxide, 
[Neither  the  lower  nor  the  Ingher  oxides  act  as  bases, 
[that  is,  they  will  not  miite  directly  with  acid?  to  form 
I  salts ;  but,  nevertlieless,  this  may  happen  when  the  sub- 
oxide receives  so  much  oxygen,  or  tlie  hyperoxide  parts 
;^itli  so  much,  as  to  form,  in  either  case,  per-  or  sesqui- 
Loxldes  or  protoxides.  Some  metals  in  their  highest 
iBtate  of  oxidation  possess  no  longer  basic  properties, 
[bnt,  on  the  contraryi  add  properties  {meiaHic  avuh)* 

78*  If  we  compare  the  diUcrent  quantities  of  oxygen 
l^hich  one  and  the  i^ame  body  can  take  up,  they  will 
always  be  found  in  very  simple  proportions;  for  in- 
stance :  — 

In  sulphnrous  and  Bulphuric  acids,  as  2  to  3, 
"  pho!?tphorous  and  phosphoric  acids,  *'  3  to  6, 
"  protoxide  and  peroxide  of  mercur)",  '<  1  to  2. 
**  protoxide  and  scsqaioxide  of  iron,  **  2  to  3, 
A  simitar  regularity  exists  in  all  other  chemical  com* 
biJiations. 
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79,  The  hf/peroxides  easily  give  up  a  part  of  their  ox* 
ygen,  either  when  heated  alone  or  with  certain  acids; 
hence  they  caii  be  made  use  of  for  obtaining  oxygen* 
An  oxide  of  frequent  occurrence  in  nature  is  the  %- 
peroxide  of  manganese ^  used  for  coloring  potters'  warn 
brown-  It  is  a  combination  of  the  metal  manganese 
■with  oxygen.  Oxygen  is  usually  obtained  from  this 
when  wanted  in  large  quantities,  as  it  can  be  put  in  an 
iron  vessel  and  heated  to  a  bright  redness*  If  the 
manganese  is  heated  alone,  one  third  of  the  oxygen 
contained  in  it  is  obtained,  and  red  oxide  of  man- 
ganese remains  behind ;  but  if  heated  with  the  addi- 
tion of  sulphuric  acid,  one  half  of  its  oxygen  is  ob- 
tained, and  the  remainder  is  protoxide  of  manganese^ 
which  combines  with  tlie  sulphuric  acid,  forming  a  salt- 

80,  Oxygen  is  absolutely  necessary  to  all  living  crea- 
tures. All  the  air  which  we  breatlie  must  contain  free 
oxygen ;  if  this  is  wanting,  suflbcation  is  induced. 
The  chemists  who  discovered  it  seventy  years  ago,  and 
first  prepared  it  pure,  gave  to  it^  for  this  reason,  the 
name  of  vital  ain  In  later  timea  it  was  designated 
entptfreal  air^  because  it  was  found  that  every  combus- 
tion, bowevfer  familiar  to  us,  was  a  process  of  oxida- 
tion, in  which  the  oxygen  of  the  air  combined  with  the 
particles  of  the  burning  materiaL  The  symbol  for  ox-  ■ 
ygen  is  O,  the  Jirsi  ktier  of  oxygen.  It  has  been 
agreed  to  express  simple  bodies  by  the  first  letters  of 
their  Latin  names. 

HTBROGEN  (H). 

MrperimenL  —  Boil  some  water  for  fifteen  min- 
utes, that  all  the  air  contained  in  it  may  be  expeUed ;  let 
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it  cool,  and  illl  a  bowl  and  a  test-tnbe  with  it ;  close  the 
latter  with  the  finger^  and  invert  h  under 
the  water  io  the  bowL     Now  secure  to 
a  wire  a  piece  of  sodium>  of  the  size  of 
a  lentil,  and  thrust  it  quirkly  under  the 
opening  of  the  teat-tube;    the  metal 
frees  itself  from  the  wire,  and,  as  it  is 
lighter  than  water^  it  abends  into  the 
tube,  floating  there  w  ith  a  circuitous  motion ;  a  gas  la 
evolved  from  the  water,  wljich  in  a  few  moments  be- 
comes displaced  by  the  gas  from  the 'tube.     This  kind 
of  gas  13  the  second  clement  of  waterj  and  is  called 
,  kt/drog-en.     The  experiment  in  §  C7  demonstmteg  that 
Iftodinrn  has  a  very  great  alTinity  for  oxygen,  ajid  this 
iaffinity  is  so  strong,  that  tlie  sodium  removes  from  the 
^  water  its  oxygen,  whereby  the  hydrogen  is  libemted* 
'  Clope  the  tube  again  with  the  fmger,  remove  the  tube 
from  the  vessel,  and  hold  a  burning  taper  over  it,  when 
Lthe  gELs  wUl  burn  witlj  a  flame.      Hydrogen  is  a  cam- 
ibmiibie  gas.     li  tlie  interior  of  the  moist  tube  be  tcisted 
t with  a  strip  of  red  test-paper,  this  assumes  a  blue  colon 
I  The  same  bas^,  oxide  of  sodium,  has  l>een  formed  as 
Iw^hen  the  sodium  was  exposed  to  oxygen  or  to  the  air. 
]It  is,  dissolved  by  Ihe  water. 

82.   What  sodium  aecompli&hes  at  ordinary  tern- 
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peraturesj  iron  cannot  do  ontU  it  is  heated  to  redness. 
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Pass  water  ia  the  form  of  steatn,  obtaitiFd  by  boiling 
the  water  in  the  ret  art ,  a  (Fjg.  34),  throngh  a  red-bot 
iron  pipe  containing  a  spiral  wire;  for  instance,  a  giiJi- 
barrel.  At  this  high  temperature  the  iron  in  the  pipe 
tinitcs  with  the  oxygen  in  the  water,  forming  black  ox- 
ide of  irottj  and  the  hydrogen  is  set  free.  This  is  the 
method  by  which  the  celebrated  French  chemist,  Lavoi- 
sier^ sixty  years  ago,  proved  that  water  is  not  a  simple 
body,  but  consists  of  two  gases,  oxygeij  and  hydrogen. 

83,  The  decomposition  of  water  by  iron  is  more  ca- 
lmly effected  through  the  presence  of  an  ally,  which  sup- 
*|K)rt3  the  iron  in  its  endeavour  to  extricate  the  oxygen 
Irom  the  water.     Such  an  ally  is  sulphuric  acid. 

Experiment  —  Put  a  quarter  of  an  ounce  of  wrought- 

iroa  filings  into  a  flask, 
and  pour  over  them  two 
and  a  half  ounces  of  wa- 
ter. No  act  Ion  takes  place, 
but  if  half  an  ounce  of 
common  sulphnric  acid  be 
gradually  added,  at  the 
same  time  keeping  the 
flask  in  constant  motion,  ebullition  and  heating  of 
the  liquid  will  immediately  en^ue.  The  ebuUition  is 
caused  by  the  evolution  of  a  species  of  gas,  hydrogen. 
Insert  into  the  opening  of  the  flask  a  perforated  cork,  to 
which  3 a  fitted  a  bent  glass  tube, '  Allow  the  first  por- 
tions of  the  gaa  to  escape,  then  collect  it,  as  the  oxygen 
was  collected,  in  a  flask  filled  ^\^tfi  water  over  the 
pneumatic  trough. 

There  is  one  indispensable  caution  to  be  observed  in 

experimenting  with  hydrogen,  which  i^,   not  to   ndmU 

the  g^as  into  the  receiver  tmlU  ail  the  atmosphi-ric  air  <?x* 

$lifig'  in  thejiask  has  been  expelled,  as  otlierwise  an  ex- 

^ion  might  talce  place. 
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84,  E^mrimmt  —  If  sulphuric  acid  ia  poured  iitto 
water,  catisidemble  heat  is  evolved  j 
but  this  heat  is  much  stronger  when 
the  water  is  poured  into  the  sulpim- 
rie  acid.  Tlia  mixturG  is  best  made 
ia  the  following  manner.  Pour  two 
and  a  half  ouneea  of  water  into  a 
suflicientfy  large  stone  jar,  which  is 
placed  in  a  bowl  filled  with  water;  now  weigh  in  a 
flask  half  an  ounce  of  common  sulphuric  acid,  pour  this 
in  a  simall  stream  into  the  water,  stirring  the  water  con- 
tinuously with  a  glass  or  porcelain  rod,  and  let  the  jar 
remain  in  the  bowl  uiidl  it  is  entirely  cold*  Thi;^  mix- 
ture is  called  diluted  sulphuric  acid;  the  strong  acid,  on 
the  contrary,  is  caUed  concentrated  sulphuric  acid* 
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85.  Experiments  with  Ilr^drag^em 

Experiment  a. — Inflame  hydrogen  con- 
tained in  a  flask,  and  immediately  pour  in 
gome  water.  The  water  does  not  extin- 
guish the  flame,  but  rather  increases  it, 
since  it  rapidly  forces  the  gas  out  of  the 
flask.  The  gas  does  not  burn  in  the  inte* 
lior  of  the  ves5bl,  but  only  on  the  outside, 
where  it  is  suiroiinded  by  atmospheric  air. 
Experiment  b.  —  Hold  an  empty  tumbler  over  a  flask 
of  hydrogen  for  some  minutes,  then  quickly  invert  tlie 
former,  and  apply  to  it  a  lighted  taper,  when  a  flame 
will  burst  forth  fron?the  tumbler  with  a  whizzing  noise. 
The  gas  has  ascended  from  the  flask  into  the  tumblefj 
and  is  eonsequenily  li^hierih^n  common  air.  In  this  ex- 
periment the  lower  vessel  must  not  be  immediately  ex- 
posed to  the  lighted  tapcTj  bccanse^  if  all  the  hydrogen  is 
not  displaced  j  an  explosion  might  ensue  that  woidd  break 
the  flask  \  but  if  the  taper  be  applied  after  ten  minutes 
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have  elapsed,  the  flask  will  be  fonud  no  longer  to  con- 
tain any  combustible  gas,  this  having  entirely  escaped* 
Hydrogen  ib  tlie  lightest  of  all  gases ;  14i  measures 
of  it  weigh  only  as  much  as  one  measure  of  atmospheric 
air.  On  account  of  its  levityj  it  is  used  for  filling  balloons* 
Experunent  c.  —  If,  instead  of  the  glass  tube,  a  piece 
of  pipe-stem  be  adapted  to  the  cork  of  the  flask  from 
which  hydrogen  was  evolved,  and  the  gas  then  lighted, 
it  will  bimi  like  a  taper*  To  kindle  the  gas,  instead  of 
a  match  or  a  taper,  very  finely  divided  platinum  may  be 
employed.  This  can  be  prepared  in  a  few  minutes  by 
dropping  a  solution  of  platinum  on  blotting-paper,  at- 
taching it  to  a  wire,  and  igniting  it  over  a 
spirit-laoip,  till  nothing  but  a  gray  coherent 
ash  re  mains.  The  platinum  is  thus  re- 
duced to  an  exiTcmcly  minute  state  of  sub* 
division,  and  in  this  state  it  exliibits  the 
remajkable  property  of  igniting  in  hydro- 
gen and  in  (laming  it.  It  is  called  spongy 
platinum,  and  is  employed  as  tinder  in  the 
well-knowii  Dobereiner^s  injlammable  lump. 
The  apparatus  here  represented  consists  of  a  flask, 
having  the  bottom  broken  off,  and  f o  the  neck  of  which 
the  cover  of  the  glass  vessef,  c,  with  the  cock,  p,  is  fastened 
air-tight.  A  piece  of  zinc  is  suspended  in  the  flask  by 
means  of  a  wire.  If  diluted  sulphuric  acid  is  now  poinded 
into  the  vc&sel,  c,  upon  wliich  the  cover  with  the  flask  at* 
tached  is  placed,  then,  the  cock  being  opened,  that  the 
air  contained  in  the  flask  may  be  displaced  by  the  acid 
from  beneath,  hydrogen  is  immediately  evolved  by  the 
contact  of  the  zinc  with  the  acid,  which  hydrogen  must 
be  collected  in  the  flask  by  closing  the  cock,  e,  the  acid 
being  thereby  forced  into  the  exterior  vessel,  until  it  no 
longer  touches  the  sdna  Upon  opening  the  stop-cock, 
e,  the  gas  issues  from  tlic  fine  jet,  and  is  directed  against 
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the  spongy  platinum,/*  As  the  gas  es- 
capes, the  sulphuric  acid  passes  again 
into  the  jjiterior  vessel,  and  generates 
fresh  hydrogen  npon  reaching  the  zinc* 
Spongy  platinum  possesses,  iji  a  high 
degree^  the  power  of  absorbing  oxygen 
and  eonden&ing  it  within  its  pores ;  if 
hydrogen  be  then  presented  to  it,  these 
two  gases  will  be  brought  into  such  in- 
timate contact^  by  the  powerful  force 
of  attraction,  that  they  will  chemicaJly 
'  eombmc  to  form  water,  and  the  heat  thus  liberated  is 
stiffieient  to  ignite  the  platinum  tinder,  and  to  inflame 
the  gas,  wliicb  subsequently  issues  from  the  jet.  Many 
aeriform  bodiesj  which  do  not  freely  unite  with  each 
other,  can  be  forced  to  combine  by  means  of  spongy 
platinum. 

B^*  Explosive  Gas*  —  The  extraordinary  degree  of 
heat  developed  by  the  chemical  union  of  oxygen  and 
hydrogen  may  be  shown  by  the  following  experiments- 
Insert  into  the  opening  of  a  large  pig's  bladderj  which 
has  been  softened  by  soaking  in  water,  the  broken-off 
neck  of  a  flask,  and  bind  it  lirmly  round  with  a  string. 
Then  select  two  perforated  corks,  fitting  this  neck*  One 
cork  is  connected  with  a  bent  glass  tube,  conducting 
the  oxygen  from  the  apparatus  in  which  it  is  evolved 
{§  59)  into  the  bladder,  which  soon  becomes  filled  with  it* 
When  this  operation  is  finished,  replace  the  first  cork 
by  the  second,  having  a  glass  tube  adapted  to  it  only  a 
few  inches  long  and  drawn  out  to  a  point  at  its  outer 
end,  and  provided  with  a  wax  stopple  pressed  upon  the 
opening*  A  glass  tube  may  be  formed  into  a  point  by 
heating  it  in  the  flame  of  a  spirit-lamp,  constantly  turn- 
ing itround  at  the  same  time,  till  it  becomes  so  soft 
7 


Fif,  40.  ftt  the  desired  place j  as  to  be  easily  drawn  out* 

i  Break  it  at  the  slender  part,  and  hold  it  in  the 
flame  for  some  moment^j  until  the  sharp  edges  are 
Tounded  off  by  incipient  melting.  It  would  be 
more  convenientj  though  somewhat  more  expen- 
sive, to  substitute  for  the  above  contrivance  a  jet 
provided  with  a  small  braes  stop*cock. 
The  bladder  thus  arranged  and  filled  with  oxygen  is 
now  placed  on  blocks,  at  such  a  height  that  the  point  of 
the  glass  tube  shall  be  on  a  level  with  the  hydrogen 
flame,  produced  as  explained  in  a  former  experiment 
Press  upon  the  bladder  vvilh  the  hand,  and  the  oxygen 
wiE  escape,  blowing  into  the  hydrogen  flame,  which 
then  takes  a  horizontal  direction.  This  flame  has  hut 
little  brilliancy,  less  than  the  hydrogen  flame  alone,  not- 
withstanding which  it  affords  the  greatest  heat  yet 
knouTi.  Hold  in  it  a  platinum  wire,  a  metal  which  has 
never  yet  been  melted  in  the  hottest  furnacCj  and  it  will 
melt  like  wax;  hold  in  it  a  piece  of  chalk  scraped  to  a 
fine  pointy  and  it  will  emit  light  (sidereal  light)  of  the 

most  dazzling  splendor. 
A  watch-spring  or  a 
fine  iron  wire  burns 
in  it,  throwing  out 
a  paries  as  in  oxygen, 
(\  68,)  But  what  is  the 
cause  of  this  powerful 
heat?  It  13  the  result 
of  the  energetic  chem* 
ical  combination  of  two 
substances  with  each 
other.  Every  chemicnl  eanibinmion  or  decomposition  is 
attended  with  liheration  of  heat. 

Exact  experiments  have  shown  that  tw'o  measures  of 
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hydrogen   lanite  with  one  measure  of  oxygen,  conse- 
quently in  just  tbe  same  quantities  as  obtained  in  the 
'ecompoaition  of  water  by  galvanism.     (§55.)     The  re- 
tnlt  of  the  combination  is  water.     But  two  measures  of 
liydrogen  and  one  of  oxygen  do  not  yield  three  meas- 
re3  of  vapor;  they  afford  two  measures  only*     Thus 
the  two  gases  condense  one  third  by  chemical  union. 
If  both  the  hydrogen  and  oxygen  were  suddenly  mixed 
together  and  then  ignited,  the  whole  mass  would  com- 
bine together  at  once,  producing  a  most  violent  report, 
and  bursting  the  vessel  to  pieces.     Such  a  gaseous  inLx- 
ture  is  called,  for  this  reason ,  explosive  ga$~     No  dan- 
er  is  to  be  apprehended  from  the  apparatus  describedj  as 
e  explosive  gas  is  formed  at  the  point  where  the  oxygen 
meets  the  hydrogen  flame,  and  only  in  small  quantities 
at  once.     This  apparatus  is  an  oxy*hydrogen  blowpi|>e 
on  a  am  all  scale*     Hence  explosive  gas  may  be  regard- 
ed as  chemically  decomposed  water,  and  water  as  chem- 
ically combined  explosive  gas,  or  as  burnt  hydrogen. 
Fj^.  42,  87.    ExperimeuL  —  That  water   is   really 

formed  during  the  combustion  of  oxygen  and 
hydrogen,  or  when  they  chemically  unite,  can 
easily  be  shown  by  inverting  a  flask  over  the 
hydrogen  flame;  the  glass  soon  becomes 
clouded  over,  because  the  water,  which  at 
this  heat  is  generated  in  the  form  of  steam, 
condenses  in  small  globules  on  the  cold  sides 
of  the  glass.  By  this  method  one  full  meas- 
ure of  w^ater  has  been  obtained  from  one 
thousand  measures  of  oxygen  and  two 
thousand  measures  of  hydrogen. 

By  the  decomposition  of  water  {anahjds)^ 
and  by  combining  together  its  elements  (^j^tUhesis), 
it  is  proved  to  consist,  in  volume^  of  one  measure  ol 
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axyg/BR  and  twa  measures  of  hydrogen,  jielding  twa 
measures  of  vapor ;  in  weighty  of  eigiit  puris  ui  oxygeo 
and  one  part  of  hydrogco^  yielding  niac  part^  la  wcighl 
of  water. 

The  great  diftbrenec  between  the  numbers  of  tlm 
I  measures  and  those  of  the  weight  flcpeiid*  on  thts  f<iet| 
■ihat  one  measure  of  hydrogen  weighs  sixteen  times  Usm 
^■than  one  of  oxygen.  On  uceoimt  of  the  praiierly  p<Wh 
^Pies?5*ed  by  hydi-ogen  when  combined  w*ilh  oxvGfwn  of 
forming  watof,  the  name  Hi/dra^en  (general  1  i) 

^^aa  been  given  to  it;  its  chemical  symbol  is  tt*  t  ^'ivmig* 

88.  The  chemical  si/mbohy  which,  as  prevjoasly  sta!t*d* 
i^Bfe  derived  from  the  iiiitiuls  of  the  Latin  names  o*  -^  • 
elements^  present  not  only  a  very  convenient  and  t  j 
lode  of  designating  the  elements,  but  Ihey  reprt^s^nt 

Jso  their  atomic  trfightSf  which  arc  given  at  ^    id 

5f  the  diiferent  »ectfonft»     Consex|uently  O  &^  i 

merely  oxygen,  bat  100  parts  in  weight  of  it  (p« 
ouneeg,  grains,  Sa%) ;  f  I^  not  only  hydrogen,  bnt  - 
pnijiortiona  in  weight  of  it     When  two  eltMi 
in  combinaUon,  this  is  designated  by  uniting  tog^ih 
their  Bymbob;  II  O^  for  in^tance^  is  the  ft>r      '     fj 
water,  and  this  indicates,  not  only  that  water  t 
'liydrogen  and  oxygen,  but  nlso  that  It  b  eoniiio*t^d  of 
l^l  parts  in  weight  of  hydrogen  (I  At  11}     ■ 
^aria  of  oxygen  {1  At  O) ;  or  %vhat  is  Uir  s;i 
;if  I  part  of  11  and  8  partn  of  O  in  weight     lu 
lompJex  conibin:ttions<,  the  difTtrcnt  rr       '    -      - 
ated  from  each  other  Hv  a  comma,  or ' 
tieen  in  the  folU>\ 


iprtjixed  to  iht*  ^i 


ity  alt  tbe  7^1 
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as  the  next  comma  or  -[-  sign,  H^  signifies  accordingly 
two  atoms  of  hydrogen,  H„  three  atoms,  &c* ;  but  2  H  O 
indicates  two  atoms  of  hydrogen  and  two  atoms  of 
oxygen,  &c  It  is  earnestly  recommended  to  every  be* 
ginner  in  chemistry  to  famiiiarize  himself  with  this  rom- 
prehensive  language  of  symbols. 

89,  The  change  which  iron  underwent,  when,  by  the 
aid  of  sulphuric  acid,  it  decomposed  water  and  liberat- 
ed the  hydrogen,  remains  now  to  be  considered, 

Eo^erimeM. —  Poot  the  contents  of  the  flask  of  ex- 
periment 83  into  a  porcelain  dish,  heat  them  to  boiling, 
and  filter  them,  A  black  residae  will  remain  on  the 
filter,  which  principally  consists  of  carbon  that  was  eon* 
tained  in  the  iron;  the  iron  itself  has  been  dissolved, 
and  has  passed  through  the  filter ;  it  is  no  longer  iron 
as  such,  but  has  been  converted  into  a  salt  of  iron, 
which,  on  the  cooling  of  the  solution,  is  deposited  in 
green,  transparent  crystals.  The  formation  of  it  is  ex- 
plained in  the  following  diagram ;  — 

Water  ^  oxygen  and  hydrogen 

Iron I  ^  oxide  of  iron 

Bulphuric  acid^ /  ^  salt  of  iron. 

This  salt  is  accordingly  called  sulphate  of  iron,  com- 
Imonly  known  as  green  vitrioL     Iron  and  sulphuric  acid 
lean  not  combine  directly  with  each  other,  for  it  is  a  rule 
inorganic  chemistry,  with  but  few  exceptions,  that 
jffle  bodies  nnite  ani^  with  simple  bodies^  ami  com- 
fStmd  Qtiiy  with  compamid  bod  it's;   liowever,  this  com- 
bination can  take  place  when  the  iron  is  oxidized,  and 
thus   converted  into  a  compomid   body.     The   water 
contains  the  oxygen  requisite  for  this  purpose,  but  the 
iron  has  not  power  enough  to  extricate  it  without  the 
assistance  of  the  sulphuric  acid,  which,  having  a  strong 
7' 


METALLOIDS, 

inity  for  a  ba^e,  cooperates  with  it  and  enables  tl  to 

IverpowcT  the  wattfr,  aud  a  base  U  forraeit  (proto^cide 

W  iron)  which  imTtri*d lately  unites  with  the  s>ulpburt<i 

ml     The  liberated  hydrogen  escapes  as  gau.     Tliia 

Drt  of  affinity  is  called  disposing  aflinity. 

Zinc  is  frequently  used  instead  of  iron  in  the  prcp- 

itlon  of  hydrogen* 


90*  The  earth  is  snrrounded  by  air,  as  by  a  mantle : 
18  called  the  atmosphere^  and  is  supposed  to  extend 
about  forty-five  miles  above  the  solid  earth.  The  air  pcm* 
Bsses  no  color,  and  is  transparent;  hence  it  is  invisible^ 
ad  its  particles  are  so  ea?^ily  displaced  that  it  cannot 
grasped  by  the  hand.  But  it  is  rendered  obvious 
that  the  air  h  material,  and  iilb  every  lipaee 
^^^  ^  commonly  called  empty,  by  wrapping  moist* 
ened  pajjer  round  a  funnel,  so  that  it  ttiay  fil 
exactly  into  the  mouth  of  a  flask;  if  the  fun- 
nel be  now  filled  with  water,  the  tlnitl  will 
nol  run  into  the  flask,  as  the  air  conlainc?d  io 
the  latter  will  not  let  it  enter;  bat  if  the  fun- 
nel be  raised  a  little,  the  air  escapes,  and  the 
water  immediately  rushes  into  the  flask.  We 
learn  also  by  the  balance  that  a  fl-  '-  -:* 
talnjng  atmospheric  air  weighs  more  tiian  it  <]•  it 

be  air  has  been  exhaasted  from  it    But  air  i»  so 
bat  800  measures  of  it  weigh  only  a»  much  a«  <iae 
leasurc  of  water,  yet   the   atmosphere  presses  vnth 
it  weight  on  the  earth  and  upc^n  every  thing  t 

But  this  preasune  is  only  noticed  when  t' 
loved  from  a  pJmee^ihus  ktivhig  it  witiiuur  r- 
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91,  Presmire  of  the   Almnsphere.  —  Rrperifneni. — 
["Wrap  some  tow  round  one  end  of  a  stick,  and  grease  it 

with  tallow,  thus  forming  a  plug,  which  must  be  filled 
tightly  into  a  strong  test-tobe*  Boil  some  water  in  the 
test-tube,  and  when  the  air  has  been  expelled  by  the 
steam,  causing  a  vacuuiti,  insert  the  plug;  as  the 
water  coob,  the  plug  wHl  be  pressed  down  upon  the 
surface  of  the  water;  by  heating,  it  is  again  forced  up 
by  the  steam  thus  generated,  and  by  immersing  in 
cold  water  it  is  again  forced  down* 
III  consequence  of  the  cooling  and 
condensation  of  the  steam  a  vacu- 
um is  formed,  and  therefore  the 
counter-pressure  against  the  weight 
of  the  exterior  air  is  removed ;  the 
pressure  of  the  latter,  accordingly, 
forces  down  the  plug*  On  this 
principle,  the  piston  is  forced  up 
and  down  in  the  cylinder  of  many 
steam-enginea. 

92,  This  pressure  often  causes  the  rising  and  falling 
of  liquids  in  tubes. 

Experiment. — If  water  is  boiled  as  was  directed  at  §36, 

Fig.  45, 
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by  means  of  steam,  antl  during  the  boiling  the  lamp 
la  removed,  then  the  pressure  of  the  air  acting  on  the 
surface  of  the  water  in  the  beaker-glass  will  very  sooa 
force  the  water  contained  in  it  through  the  tube  back 
into  the  flask,  which  in  a  short  time  becomes  quite 
filled  with  water.  The  counter-pregsure  of  tlie  steam 
must  naturajly  decrease  as  it  cools  and  condenses.  As 
long  as  the  lamp  is  under  the  flask,  the  pressure  of  the 
steam  is  stronger  than  that  of  the  air,  and 
the  steam,  being  continually  generatiMl, 
forces  the  air  previously  contained  in  the 
flask  into  the  water  of  the  beaker-glacis* 
This  reflux  of  liquids  is  particularly  to  be 
feared,  vvlien  such  kinds  of  gases  are  con* 
ducted  into  water  as  arc  abijorbcd  by  it  read* 
ily,  and  in  large  quantities.  ThiA  is  pre* 
vented  by  passing  through  the  cork  a  second 
glajss  tube  open  at  both  ends,  and  letting  it 
reach  nearly  to  the  bottom  of  the  tiask,  by 
which  tube  air  can  penetrate  into  the  flask  as  the  pres- 
sure of  steam  diminishes.     This  contrivance  is  called  a 

S3.  BwrofMi^n  —  It  has  been  proved  by  exact  calcu- 
lation that  the  atmoBphcre 
presaea  upon  the  eartli  with 
a  force  equal  to  that  of  a 
layer  of  quicksilver  30  iiurh- 
ea  deep,  or  a  layer  of  water 
131  times  deeper  (31  ftfct), 
water  being  131  times  light- 
er than  quicksUrer.  Th« 
inslniment  by  \wh' ^  '  r! 
amount     of     atin  ^ 
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presstue  can  be  dc^leimined  i%  called   the  baromtier* 
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Fill  a  glaBs  lube,  32  inch^a  in  kngth,  onf!  end  of  which 
is  closed,  %\nth  qiijcksilvrr;  clot***  it  with  the  fingefj  and 
invert  it  into  a  vessel  of  f|niekailver ;  on  removing  the 
finger,  the  mercury  will  not  run  out,  but  will  full  some 
p^^  ^^  inches,  perhaps  to  ,*  ( Fig.  48)*    The  height 

of  the  qnickfsilvcr,  from  a  b  to  $^  amounts 
to  a  b o u  i  30  i  > I e he ^  The  <[ u i ek s  i  1  ve r  d o es 
not  fall  lower,  on  account  of  the  external 
pressure  of  I  he  atmosphere,  which  is  ex- 
erted on  the  qnicktsilver  at  rt  //,  and  not 
at  s^  sfinee  this  end  b  closed.  The  col* 
nmn  of  qnicksilver  in  the  tube  may  be 
n^gjirdt^d  an  the  counterpoise  to  the  at- 
mospheric pressure,  and  it  is  hetice  con* 
dnde<]  ihut  the  hitter  exerts  just  as  much 
piesmire  upon  the  earth  as  a  col  nmn  of 
quieki«ilver  30  inclien  high.  If  the  tube 
be  opened  at  the  top,  the  pressure  of  the 
itir  on  bolh  extremilies  being  then  made 
equal,  the  qmcksUver  will  flow  from  the  tube.  The 
space  above  the  quieksiher,  at  ^,  15  n  vacuum,  and  is 
F»i,4fi.  called  the  Tonricelliaii  vacuum,   from   the 

Ifiafne  of  the  inventor.     In  connnon  barom* 
eters  the  tube  is  curx^ed  at  the  bottom,  and 
(jrovided  with  a  bulb.     This  bulb  is  open  at 
the  top,  and  supplies  the  place  of  the  vessel 
fjllcd  with  qniekHilver  In  the  proeeding  fig- 
ure.    lliTTi^  al?»o  the  ppfjisure  is  otdy  exerted 
!at  erne  extremity,  for  the  atrooephere  can 
only   press  on   the  mercury  contained    in 
q^        the  bulb.     The  heiglit  from  n  (Fig.  49)  to 
G9  «    tlie  top  of  the  quick t^ilver  amountu  tu  iibout 
fc^        yO  inches. 
If  weights  be  placed  on  one  pan  of  ^  balance^  tba 
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Opposite  one  will  rise,  but  on  their  removal  it  will  BJiik. 
The  same  tiling  happens  mth  the  barometer.  Any  in- 
crease in  the  weight  or  density  of  the  aif  presdes  the 
quicksilver  up,  aud  the  barometer  rises;  but  any  di- 
minutioii  of  weight  will  make  it  falh  The  lieight  of 
the  qaicksilver  may  be  read  ofl*  by  affixing  to  the  upper 
part  of  the  tube  a  scale  divided  into  inches  and  tenths 
of  an  iiichp  The  mean  state  of  the  barometer  is  at 
30  inches,  and  31  is  called  a  very  high,  aiid  29  a  very 
low,  state  of  the  barometer.  In  tliis  part  of  the  coun- 
try, as  a  general  rule,  the  north  and  west  winds  cause 
the  barometer  to  rise,  and  the  south  and  east  winda 
cause  it  to  fall.  The  former  winds,  blowing  chteily 
from  the  laudj  are  cooler,  and  at  the  same  time  dricr^ 
thau  the  latter,  which  pass  over  the  ocean,  tliere  be- 
coming saturated  with  moisture;  the  former  likewise 
come  from  colder  into  warmer,  while  tlje  lattefj  on  the 
contrary,  proceed  from  warmer  into  colder  regions ;  by 
which  the  capacity  of  saturafion  for  vapor  is  increased 
In  one  case  and  diminished  in  the  othen  Hence  it  is 
very  natural  that,  when  north  and  we»t  winda  prevail*  it 
should  rain  less  fref|uently  than  during  south  '  t 
wimls;  and  that  the  fbrmer  winds  are  dry,  \  ni 

latter  am  damp.  This  is  {icrhaps  the  principal  rcasoa 
wl*y  barometers  are  regarded  as  weather  prophets* 

Why  water  does  not  (low  from  a  jar  inverted  over 
Uie  pneumatic  trough,  why  it  continues*  to  flow  through 
a  syphon  aftiT  flic  air  baM  been  e\hauf»ted,  wh  '  U 

will  not  run  into  a  ve^tsel  when  the  air  ia  eoji  ,     ir 

why  wattT  will  only  ri^e  to  the  height  of  34  feet  in  «. 
Buctiou  pump,  arc  questions  that  Bcarcely  require  fur- 
ihvT  explMuulion. 

94-  If  the  prcHfture  or  tenaion  of  a  confined  quantity 
of  air  be  iucrcascd,  by  comprcsisiug  it  cither  directly  oc 
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by  the  addition  of  more  air,  it  can  be  forced  to  st?eam 
out  from  a  small  opening  with  great  rapidity,  as  is 
Bhown  on  a  small  scale  in  the  common  bellows^  and  on 
a  larger  scale  in  the  blacksmith's  bellows.  Should  there 
be  water  before  this  opening,  the  air  will  press  it  out  in 
a  jet  or  stream. 

Experiments — Take  a  piece  of  a  fine  glasa  tube, 
drawn  out  to  a  point,  and  adapt  it, 
by  means  of  a  perforated  cork,  to  a 
bottle.     Fill  the  bottle  half  full  of 
water,  and  blow  into  it  through  the 
point  of  the  tube ;  when  the  blow* 
ing  ceases,  the  air  w^ill  escape  in  a 
stream.     But  if  the  bottle   be   in- 
verted as  soon  as  the  air  is  blown 
in,  then  the  water  wOl  be  spurted 
out  by  the  compressed  air  above 
Such  an  apparatus  (the  Spriiz  or 
washing-bottle)    is   frequently    em- 
ployed   for  washing  residues   or   precipitates   remain- 
f  ing  on  filters,  in  order  to  free  them  from  soluble  mat- 
[ter.     There   is    a  similar  contrivance  connected   with 
I  the   common    fire-engine,    called    the    wind-hose,    and 
employed  for   throwing  an    uninterrnpted   stream   of 
f  water. 

95,  The  press^ure  of  t!ie  atmosphere  exerts  great  in- 
^fluence  on  Uie  boiling'  of  water-,  and  of  other  liquids*  If 
f^wateris  brought  to  boiling  when  the  quicksilver  in  the 
j  barometer  is  very  low  (in  foul  weather),  brisk  ebullition 
[will  take  place  at  about  99°  C, ;  when  the  quicksilver  is 
fls  very  high  (in  clear  weather)  boiling  will  not  occur 
inder  101^  C.  ^ 

ErperimenL  —  Heat  a  flask  half  filled  with  water 
till  the  water  boils  briskly;   then  remove  it  from  the 


mu\  quickly  cork  it;  the  bofl* 
ing  imnuxinitrty  ceusiis,  but  will 
comnience  again  if  cold  watcf  be 
j7oiircd  over  the  uppt*r  piuh  uf  the 
(lasU.  In  this  nvantuT  it  can  be  made 
to  bubble  or  boil,  even  Uiough  it  be 
only  lukewarm*  There  ia  no  air  in  the 
flask,  it  having  been  expelled  by  the 
Btaam^  and  it  could  not  reeutejr  it»  on  the  coohng  and 
condcnsntion  of  the  stcarn,  on  account  of  its  having 
been  closed*  Consequently  tliere  is  no  pressure  of  air 
on  the  water,  and  it  will  boil  even  at  %  temperature  of 
20'^  C>  The  boiling  ceased  on  account  of  the  pressure 
of  the  steam  upon  the  water;  but  the  steam  being  con* 
den&ed  by  the  cold  water,  the  pressure  was  so  much 
diminished,  that  n  portion  of  water  agnin  bcf  U 

form  with  a  boiling  inulion,     Li  many  mann  :-, 

an  appropriate  apparatus  has  been  contrived  for  boiling 
and  evaporating  in  a  vaeumu^  as,  for  instance,  in  sngar** 
houses. 

The  air  ib  densest  at  the  leveJ  of  the  sea,  and  thinner 
In  proportion  to  its  distance  from  the  earth,  as  there  is 
less  air  above  it.  Hence  tlic  mercury  will  stand  lower, 
and  water  boil  more  easily,  on  the  top  of  a  iiiountain 
^  than  in  the  valley  below.  On  the  top  of  Mont  Blanc 
^quiL-ksilver  risci^  only  to  the  height  of  IG  inches  in  iha 
barometer,  and  water  boils  at  &1^  C.  lienof^  the  bamm- 
*  1  the  boiling  point  of  water  may  be  exnployiid 

1  i J iatjng  the  heightii  of  mountains, 

86u  Ab  water  boil«  more  easily   under  dimininbed 
!  ■    'r/j!  tmih  more  tHfficufhf  wIwh  (he  ffrt^s- 

An  inrreasr*  of  press-ure  trau  be  pro- 
dnerd,  not  only  by  the  air|  but  by  the  steam  of  the  wa- 
ter itM!lf,  if  new  »team  be  etHistantly  generated^  while 
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f  the  eBcapc  af  tliFit  already  formed  h  prevented.     This  is 

best  done  by  heating  water  confined  in  a  strong  and 

irmly  clased  vcesel     For  thi»"  purpose  a  Pa  pin's  Di- 

ester  may  be  used,  in  which  water  may  be  heated  to 

Nhe  temperature  of  200^   C,  and  indeed  stiil  higher, 

irhilst  in  open  vesaeU  it  cannot  be  heated  above  100^  C. 

hlf  the  amount  of  steam  in  it  is  twice  as  much  as  in  an 

|ianco%^ered  vessel,  the  presisiire  in  m^d  to  amount  to  two 

ffitmoFpheres ;  if  there  is  3,  4,  5,  10,  50  times  the  qiian- 

Nity,  there  is  said  Uy  be  a  pres^^ure  of  3,  4,  6^  10^  SO  at- 

io5phere9*     Vessels  of  this  kind  are  often  employed  to 

PcHbct  a  complete  penetration  of  the  water  into  solid  and 

^hard  substances*     Thu5j  for  example,  water  at  100*  C. 

^dissolves  the  gelatinous  matter  only  on  the  surface  of 

[the  bonef^,  whilst  water  at  a  tempemture  ranging  from 

110"  to  120''  entirely  penetrates  the  bones,  and  extracts 

the  gelatine  also  from  the  interior  of  them* 

97.  Air  and  HeaL —  Heai  expands  the  air  in  quite  the 
[same  way  as  it  does  solid  and  liquid  bodies,  but  to  a 
f  much  greater  extent, 

^perimenL  —  Dip  a  glass  tube,  provided  with  a 
bulb,  into  water,  and  heat  the  bulb 
gently;  a  part  of  the  air  is  expelled, 
and  escapes  in  bubbles  through  the 
water;  consequently,  there  \s  not 
room  enough  in  the  bulb  for  the 
heated  air ;  but  it  requires  a  larger 
space  than  it  did  in  its  cold  condi- 
tion* It  follows  from  this^  al:^o, 
that  the  warm  air  is  lighter  than 
cold.  If  the  lamp  be  removed, 
the  air  remaining  in  the  bulb  will 
contract  on  coolings  ^d4^  *»  attjr  ^ff^ti. 
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Current  of  Air* — A  great  many  phenomena  of 
daily  occurrence  may  be  explaioed  by  the  difieiriice  in 
levity  between  warm  and  cold  air*  When  a  fire  is 
kindled  in  a  stove  for  the  heating  of  an  apartment,  the 
air  immediately  in  eontnct  with  the  stove  h  first  hentrd, 
becomes  lighter,  and  ascends  j  colder  air  rushes  in  to 
supply  its  place,  and  ttiia  is  likewise  heated  and  as- 
ccndtf;  eonseqnetiily*  a  constant  eiri*uIation  of  air  is" 
kept  up.  By  a  similar  circulation,  the  whole  atmos* 
phcre  of  the  earth  is  kept  in  continual  motion*  At  the 
equator  the  strongly  heated  aira^cendw  and  moves  in  the 
upper  regions  of  the  lUmosphere  to%vurds  the  poles,  while 
in  the  lower  regions  the  current  of  cold  air  Hows  from 
the  arctic  zone  toward*i  the  equator,  in  order  here  to  tc- 
store  nguin  the  equilibrium,  disturbed  every  moment  by 
the  ascent  of  the  warm  air*  The«c  regular  currents  of 
aift  the  direction  of  which  is  somewhtit  diverted  by  tht*. 
revolution  of  the  earth  on  its  axis,  are  called  trade-wind*. 

In  cvciy  heated  apart- 
ment^ a  difrerence  bef  wei*n 
the  heat  of  the  air  near  the 
ceiling  and  that  near  the 
floor  15  very  perceptible* 
If  a  door  or  window  m 
such  a  room  be  opened^  a 
cnrrr  '        ;  /        I, 

the  u  :  I y 

eabily  be  perudvtd  by 
holding  all'  <  iehUo 
in  the  operiiii  lame, 

when  held  ahoTn,  at  c 
(Fig.  63),  is*  blown  ftam 
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\  room ;  when  placed  below,  at  a^  it  is  blown  into  it; 
consequently,  the  light  M^arm  air  above  rushes  oat  of  the 
room,  and  is  replaced  by  heavier  and  colder  air  from  be- 
low* A  draught  of  air  is  also  noticed  in  passing  from 
the  sunshine  into  the  shade;  where  the  sun  shines,  the 
warmer  air  ascends^  and  the  colder  air  from  the  shade 
supplies  its  place.  For  the  same  reason »  a  current  of 
air  is*produced  wherever  a  fire  is  burning,  in  every 
stove,  and  round  every  lamp. 

The  air-balloons,  first  constructed  by  JVIontgolfier, 
strikingly  show  how  buoyant  air  may  be  rendered 
by  heat  j  these  are  caused  to  ascend   merely  by  fdl- 

[  ing  them  with  air,  kept  continually  hot  by  a  fire  be- 

i<]ieath. 

99*  Gases.  —  Formerly,  atmospheric  air  only  was 
known,  but  chemistry  has  shown  that  there  are  various 
kinds  of  air,  light  and  heavy,  poisonous  and  innocent; 
some  which  are  combustible,  others  not  so,  but  which 
will  support,  combustion,  and  others  which  extinguish  it. 
It  has  also  been  shown  that  some  sorts  of  air  axe  conceal- 
ed or  chemically  bound  in  many  solid  and  liquid  bodies, 
in  which,  from  their  external  appearance,  the  presence 
of  gases  would  never  have  been  suspected  ;  as,  for  in- 
stance, oxygen  in  oxide  of  mercury,  and  oxygen  and 
hydrogen  in  water.  These  kinds  of  air  arc  commonly 
called  g-ases.  The  aeriform  state  is  their  natural  con- 
dition, and  they  only  assume  the  solid  or  llqaid  state  on 
compulsion.  Their  densities,  like  solids  and  liquids 
(§23),  are  likewise  expressed  in  numbers;  but  it  must 
be  remembered  that  in  this  case  atmospheric  air^  and 
not  water,  is  assumed  as  nniiy. 

Vapor.  —  Many  other  bodies  become   aeriform    on 
being  heated,  some  quite  easily,  as  alcolii^L  ai\|J  i^^at^f  J»./ 
others  with  more  diJUciJtji*^r^*nljAun  ajiil  *ipi?*d!i^ 
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but  on  being  cooled  they  lose  their  gaseoas  form,  and 
assume  again  the  liquid  or  solid  state.  Such  species  of 
air  are  called  vapor  or  steam;  they  become  gaseous  only 
upon  compulsion,  their  natural  state  is  liquid  or  solid. 

Composition  of  Air. 

100.  The  last  question  concerning  air  is,  What  are 
its  component  parts  ?  for  that  it  is  not  a  simple  sub- 
stance, not  an  element,  has  already  been  stated. 

Experiment,  —  Fasten  a  piece  of  tinder  to  a  wire,  drop 
some  alcohol  upon  it,  and  hold  the  wire  in  a  vessel  con- 
taining water,  so  that  the  tinder  may  be  some  inches 
above  the  water.  Then  kindle  the 
spirit,  and  immediately  place  an 
empty  flask  over  it,  so  that  the  mouth 
of  it  may  dip  into  the  water;  the 
flame  will  soon  cease  burning,  and 
some  of  the  water  will  rise  into  the 
flask,  in  proportion  to  the  amount  of 
air  disappearing  during  the  combus- 
tion. The  consumed  air  was  oxygeoi 
which  united  with  the  constituents 
of  the  alcohol  Close  the  flask  tightly  with  the  finger, 
shake  it  briskly,  and  again  open  it  below  the  water, 
when  a  little  more  water  will  enter.  The  air  which  is 
in  the  flask  is  called  nitrogen;  it  is  sometimes  called 
azote  (a  privative,  and  f«4>  ^(/^s),  from  its  inability  to 
support  respiration.  It  forms  the  chief  element  of  at^ 
mospheric  air;  this  consisting  of  four  measures  of 
nitrogen,  and  only  one  of  oxygen. 
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NITROGEN  OB  A20TK  (K). 
At  Wt  ^  175.  —  Sp,  Gr,  =  0.97. 

101.  Nilro^en  g'os^  the  prepamtion  of  m^hich  has  ji 
been  given,  is  erroneously  calted  azoie^  as  we  are  eon- 
tinually  breathing  it  without  perceivijig  any  injuriouii 
effects  from  it;  it  stops  respiration  onJy  when  it  con- 

[  tains  no  oxygen,  and  because  it  contains  none.  The 
I  human  body  is  so  eonstr acted,  that  It  will  not  thrive  on 
^substances  intended  as  nourishment  if  they  are  present^ 
I  ed  to  it  in  their  purest  form.  Strong  alcohol  act5  as  a 
^ipolson,  but  when  dilutjed  with  four  or  five  times  its 
I  quantity  of  water,  as  in  wine,  it  is  invigorating*  Even 
[the  respiration  of  oxygen  would  soon  destroy  life,  were 
lit  not  diluted  with  four  times  its  measure  of  nitrogen, 
I  as  In  atmospheric  air. 

Nitrogen  has  neither  color,  smell,  nor  taste,  and  in  a 
I  chemicaJ  point  of  view  it  must  be  regarded  as  a  very 
[inert  or  iudifierent  body,  since  it  does  not  combine  di- 

&ctly  mth  any  other  substance*     If  we  would  combine 
it  with  another  body,  we  must  adopt  a  circuitous  meth* 
It  h  very  widely  diffused  m  nature,  particularly  in 

ie  organic  kingdom,  for  we  find  it  in  all  plants  and 
lanlmals.  It  is  also  contained  in  saltj^tre  or  nitre, 
fwhence  its  name  nitr^en  (generator  of  nitre) ;  its  sym- 
|bol  is  N. 

102.  Besides  oxygen  and  nitrogen,  air  contains  vapor 
and  carbonic  acid^  'The  presence  of  the  former  is  ren- 
dered obvious  by  the  fall  of  rain,  snow,  dew,  &c, ; 
and  that  of  carbonic  acid  can  easily  be  determined  by 
letting  lime- water  remain  exposed  to  the  air,  as  in  §4G, 
or  by  shaking  it  in  a  Jlask  containing  ain  Lime  has  au 
aiRnity  for  carbonic  acid,  and  forms  with  it  an  insoluble 
salt  (carbonate  of  lime,  or   chalk]*     This  occasions  a 
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I      cloudiiTess  in  the  liquid ;  if  is  the  afHrmative  answer  f4> 

,      the  queatioa  put  by  Uie  litne-vvater  to  the  oin     U  you 

I  ask,  What  is  the  source  of  this  carbonic  acid?  the  to- 
ly  19,  It  13  formed  wherever  substances  are  ^  '  % 
wherever  men  and  animals  are  breathing,  and  v-  r 

decay  and  putrefaction  are  takiog  place. 

In  100  tneasurci^  ofatmospheria  air  are  containcdi  - 

^^  79  measures  of  nitrogen,  or  N. 

^h  21         **  «    oxygen,  **    O. 

^m  u-u     ^*  "    carbonic  acid,      <*    CO*. 

^V  and  variable  qnantities  of  watery   «    H  0» 

In  crowded  rooms,  and  other  conHned  places,  tlie  air 
hccomes  dcteriurak'd ;  tliat  is,  poorer  in  oxygen  and 
rieher  in  carbonic  aeid- 

That  the  air  also  contain^  other  foreign  ingredicnta  is 
not  strange,  since  it  is  the  constant  reccptiicic  of  vol- 
atile substances  and  dust*     The  air  coming  from  ih© 

I  Spice  Islands,  even  at  the  distance  of  eight  or  ten  mlleSi 
is  inipii^gnated  with  the  odor  of  cinnamon  and  clovea 
The  dust  con  lain  cd  in  the  air  cun  be  discerned  in  th€ 
suo-beam,  &c.  These  ingredients  are  nsually  so  flmall, 
that  tht\v  can  be  determined  neither  by  weight  nor 
by  measure, 

COAL   AND  FIRB. 
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103,  If  a  piece  of  wood  be  placed  on  tlie  hot  hearth 
of  a  »tove^  it  becomes  brown,  and  finally  black, —-^  it  b 
charred.  If  wjiItT  be  poured  ovtr  n  burning  chip*  thi 
latter  is  cjctinguiiihedi  — it  Is  lik^wi^c  charred,  V  ih 
of  linc^Oi  when  inflamed  and  imniedtatcly  »}ii 
t>octMXics  tiodcr.     Ttudcr  is  charred  Uncn,     Ju  Uie  lu©t 
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ea^e^  the  heat  was  not  suHicientiy  strong  entirely  to 
eonstimc  the  wood ;  in  the  second,  the  complete  burn- 
ing was  prevented  by  queiicliing,  and  iii  the  third  by 
the  exeludion  of  air.  All  animal  and  i^e^i'laMv  siibslun^ 
ces^  if  onlf/  paiiialtt/  burnt^  are  cunverled  into  coal*  Aa 
coal,  on  exclusion  of  the  ^u^  cannot  be  nieltcd,  even  iji 
the  strongest  heat,  so  the  exterior  of  it  is  very  diflbjrcntj 
according  to  the  character  and  structure  of  the  aub- 
Btancc  from  which  it  was  prepared;  indeed,  this  differ- 
ence often  extends  it^seif  tliroughout  the  interior  struc- 
ture, as  in  charcoal,  soot^  coke,  bone-blacky  &c  In  tiie 
charring  of  organic  bodies  the  coal  is  not  generated,  but 
it  previously  existed  in  them,  though  in  chemical  combi- 
nation with  other  substances,  which  are  principally  driv- 
en otT  by  heat,  as  is  obviously  the  case  from  the  fact 
that  the  charred  body  weiglis  much  less  than  the  orig- 
inal BubBtanoe»  All  auimab  and  plants  consist,  there- 
fore, partly  of  coal  j  or,  in  chemical  language,  of  Car- 
bon =  C, 

Carbon  also  exists  in  the  mineral  kingdom.  It  forms 
the  principal  element  of  pit  coal,  brown  coal,ice.,  which 
have  all  been  formed  from  the  vegetation  of  an  earlier 
period.  It  is  found  almost  pure  In  the  diamond  and 
ill  the  graphltCj  and,  combined  with  oxygen,  is  con- 
tained in  limestone,  marble,  chalk, 
and  various  other  minerals. 

104,  Charcoal  (C  containing  a 
little  ashes.) 

ExperimenL  —  Gmdually  intro- 
duce a  burning  splinter  of  wood 
into  a  test-tube.  The  part  out- 
side of  the  tube  only  will  burn 
with  a  flame,  while  that  within 
merely  charsj  because  the   air  is 
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excluded.     On  the  same  principle,  dmrroal  is  preparej 
oa  a  large  Bcale,     Piles  of  wood  (chafcoal  kilns)  are 
erected,  which   are   covered  with  turf  and  moistened 
earth,  and  the  wood  is  then  kindle*L     This  would  be 
extinguished,  howeverj  for  want  of  iiitj  if  holes  were 
not  niade,  by  wooden  pokers,  at  different  parts  of  the 
^  kiln,  through  which  fresh  air  may  be  admittcdt  and  the 
'  burnt  air  may  escape.     Only  so  mueh  air  should  be  ad- 
mitted as  is  necessary  for  carbonijsing  or  half-burning  the 
wood*     When  this  has  been  accomplished  In  the  ntngli* 
bonrhood  of  the   holes,  they  must  be  closed,  and  new 
ones  made  at  other  points.     At  last  all  the  openings  are 
.carefully  stoppedi  that  t he  fia*  may  be sufibca ted.    When 
rculdi  the  wood  wiU  be  found  tliuroughly  burnt  to  black* 
ness  and  charred,  the  Bhape  of  the  knota  and  rings 
.being  stlU   perceptible^     One    pound   of    wood  yields 
ibout  one  quarter  of  a  pound  of  charcoal, 

105.  Erperimenis  mth  Charcoal 

Bx^erimml  u,  —  Weigh  a  piece  of  fresshly-burnt  char- 
coal, and  let  it  remain  for  a  day  in  a  moist  place ;  it 
wilt  now  weigh  more  tJian  before,  owing  to  its  having 
imbibed  air  and  niffisltirv.  If  the  coal  be  now  ]mt  into 
hot  water,  the  air  will  escape  from  the  coal  in  numerous 
buhbleis,  being  expelled  by  the  heavier  water,  which  re- 
places the  air  in  the  email  interstices  or  pores  of  tho 
coal.  The  snapping  of  sut»h  coals  when  placed  upon 
the  tire  is  hereby  easily  explained  ;  the  gases  and  vapora 
are  expanded  lo  such  an  ext<*nt  by  the  sudden  heat,  that 
the  coal  is  forced  asunder,  with  a  sort  of  explosion, 
l'nli>,hed  &teel  articles  are  often  piicked  up  in  charcoal 
dtirt,  ihiit  the  air  in  the  interior  of  tht^  package  may  lie 
kept  dry,  thud  protecting  the  uteri  from  rusting,  Pulvcr- 
iiced  chorccHd,  on  account  of  its  abaorbing  powcfi  ma/ 
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also  be  tiaed  for  purifying  eick-rooms,  and  otheT  apart- 
ments filled  mth  deletcTbus  voponi  and  gases, 

Experimeni  b* — Grind  frefthly-bumt  charcoal  to  a 
coarse  powder,  and  place  it  on  a  filter,  ThiMi  pour  over 
it  some  red  wine,  or  some  water  colored  black  by  a  few 
drops  of  ink ;  tbe  liquid  will  pass*  throngh  the 
filter  nearly  or  quite  colorless,  the  coal  hav- 
ing abmrbed  or  retained  the  coloring  matier- 
Su^ar-rcfincra  take  advantage  of  this  property 
of  charcoal  in  bleaching  their  brown  ayrups. 
KcperimeHi  c.  —  Foul  stagnant  water  u 
depritwd  of  its  bad  iusle^  and  is  reodf^red  clear 
and  colorlesg,  by  being  filtered  through  char- 
coal- In  some  large  cities,  where  there  is  a 
scarcity  of  potable  water,  it  is  not  unusual  to  filler  it 
through  charcoal.  Grain,  likewise,  which  has  become 
mustyj  may  be  Rendered  sweet  by  intimately  mixing 
it  with  pulverized  charcoal,  and  allowing  them  to  re* 
main  some  weeks  in  contact^  Coal  will  also  retard 
decay  in  vegetable  and  animal  substances  for  a  long 
period  J  and  water  remains  pure  for  years  in  vesi^els 
which  have  been  charred  upon  the  inside ;  potatoes  may 
be  kept  in  cellars  longer,  without  sprouting  or  rottingj 
when  laid  in  with  coal-dust ;  and  meat,  when  packed  in 
it^  passes  more  slowly  into  a  state  of  putrefaction, 

Escperimeni  rf.  ^^  Charcoal  renders  ordinary  brandy 
pleasanter  in  taste  and  smell,  by  absorbing  into  its 
pores  an  acrid  volatile  oilj  Jmel  oil^  with  which  some 
crude  brandy  is  contaminated*  Coal  deprives  beer  of 
its  bitterness,  by  absorbing  certain  component  par  is  of 
the  hops* 

106.  The  cause  of  this  remarkable  power  of  coal  to 
attract  and  retain  within  itself  snch  various  substances, 
depends  on  its  spongy,  porous  character.     If  a  plate  of 
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glasa  be  dipped  into  wate?  and  immecliateljr  removedi 
some  of  the  water  will  remain  adheriDg  to  its  surface, 
showing  that  the  water  and  glass  hare  an  attractJon  for 
each  othen  This  power  is  called  stirface-attraction*  or 
adhenon,  Thb  adhesion  can  be  better  illiiBtratjed  by 
dipping  a  glass  tube  with  a  fine  bore  into  water;  the 
water  rises  in  it,  and  the  rise  in  the  tube  will  increage 
Ftf  fi/.  in  proportion  to  tlie  decrease  of  the  di- 

ameter. Such  tubes  present  a  great  sur- 
face of  glass  to  a  ^mall  amount  of 
liquid,  and  the  sides  are  in  «nch  close 
proximity,  that  they  aid  each  other  in 
drawing  up  the  water  into  the  tube* 
This  sort  of  adhesion  is  called  capillar t^ 
aUrmiion,  It  Is  this  which  causes  chI  ta 
rise  in  the  lamp-wiek,  the  spreading  of 
water  in  blotting-paper^  and  the  diiiusion  of  looiilure  , 
through  sugar  and  plastered  walls.  In  the  same  man- 
ner, all  solid  bodies  wlikh  have  many  pores^  and  cause* 
guenilt/  much  mrfart*^  ailraci  Jhmh  ami  gases.  A  piece 
of  charcoal^  the  si^e  of  a  wabut,  is  inteisected  by 
many  hundreds  of  partttions,  wliich,  if  tijey  cHJuld  be 
placed  by  the  side  of  each  other,  would  cover  a  sixace  a 
tliousand  times  larger  than  t}m  piece  of  coal  itsi*lf 
co%*ered.     The  force  of  attraction  of  thit*  hii  "u*e 

is  80  povverfid,  that  the  coal  can  absorb  froi  JO 

times  more  than  its  own  bulk  af  many  species  of  gus^ 


It  IS  very  probnl  ' 
sure  into  80  or  ! ' 
become  fluid  or  soUd* 

In  th 
porous 


sea,  by  such  n  compres* 
i   space  within  the  co« 

liniim  {iH5,  c)^  a  yet  mol 
hf*ut  is  produced,  in  con- 


nequenci)  uf  the  ab^iorptiou  of  oxygen  and  bydrtTgen 
tendering  the  platinum  red-liot.     Heal,  also,  but  to  s 
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less  extent^  is  developed  in  charcoal  when  it  ab^orto 
gases  ;  the  charcoal  may  be  heated  ctch  to  redaes^i' 
undergoing  spontaneous  com  bastion^  by  heaping  to- 
gether lai^  masses  of  it  in  a  pulvemed  state,  and 
many  an  nnfortunate  accident  has  occoired  from  ihiB 
cause,  especially  in  factories  for  the  manqfactnre  of 
gunpowder* 

Hydrogen  and  oxygen,  however  long  they  Ftomin  in 
contact,  do  not  enter  into  ehemieal  union,  bnt  wlien  the 
mixture  is  brought  into  contact  with  spongy  platinnin 
they  instantly  •  unite,  forming  water.  This  will  be 
easily  undeistood,  when  it  is  remembered  that  eliemical 
force  acts  only  at  insensible  distances^  and  conseqnently 
only  when  substances  are  in  the  very  closest  contact; 
In  spongy  platinum,  as  in  other  porous  bodies,  gases 
can  be  condensed  to  the  80th,  and  indeedi  in  the  former 
case,  to  the  800th  part  of  their  vol n me ;  they  must  there- 
fore toneh  each  other  from  80  to  800  times  more  closely 
than  in  their  natural  condition. 

107.  Not  only  charcoal^  but  the  foUowing  vmieiies  of 
coaif  have  many  diifcrent  applieationii. 

Soot  J  or  lamp-blacky  (C  containing  empyreumatic 
matter.)  is  coal  in  a  state  of  minute  division,  which  Is 
deposited  from  carbonaceous  gases,  commonly  from  U* 
laminating  gas ;  for  instance^  from  the  flame  of  pit^ 
coal,  wood,  oil,  rosin,  &e.,  when  during  the  eombustioii 
there  is  an  insufficient  supply  of  air.  One  variety  of 
superior  quality  is  called  lamp-black.  (|  116*)  The  soot 
must  be  freed  from  the  empyreuraatic  substances^  eiih' 
by  igniting  it  thoroughly  in  a  .well-closed  vessel,  or  by 
treating  it  with  strong  alcohoL  Soot  is  well  known  as 
a  most  important  black  coloring  substance  (Indian 
ink,  printing-ink). 

Chke^  OT  charred  pit^coal,   (C  generally  cc*  ' 


3 


>rt8iderable  quantities  of  ashcfl,)  has  a  gray  color, 
lore  or  less  porons,  h  vrry  hnrd,  and  Ims  a  mi^tnilic 
ifltre;  it  buTtiB  without  foritiiug  m>ot,  and  givc«  out  un 
iteri^ie  ]wnt ;  [lenee  it  is  an  excellent  fuel,  and  as- 
eel  ally  adapted  for  the  sinelting  of  iroiij  and  for  ilic 
leating  of  locomotive  boilers*  Coke  is  obtLUned  a«  a 
[?ondary  product  in  the  preparation  of  illuminating 
IS  from  pit-eotiL     (§11?^.) 

Bone-black   (C  intimately  misced  with   bone-aabes, 
knd  genf^rally  tiiso  with  some  aisoti^ced  substances)  ii^H 
tbtaiJied  by  healing  bonci  in  cIobc  vesaela*     The  eoiBH 
^ntained  in  it  amouTits  only  to  about  one  tcntli  part  of 
Jie  whole,  the  other  nine  tenths  being  bone-ashes;  bat 
jiotwithstanding  tins,  its  deefilorixing  power  is  so  stiuugf 
mi  it  is  preferred  to  all  other  kinds  of  coal  as  a  means 
"of  abstj:^eting  color  from  the  syrup  of  browu  stigari  or 
>ra  other  dark  liquids. 

Two  sorts  of  carbon  found  in  the  mineral  kingdomi 
"17.  graphite  and  the  diamond,   possess  very  rcmark- 
^abtc,  yet  different,  properties* 

^B  GraphiiCj  or  plumbago,  (cry^tnllis^ed  black  carbon,)  a 
^Bray  substance,  having  a  metallic  lustre,  impnrt^  its 
^Bolor  so  readily  to  other  bodies,  that  it  is  used  for  mak- 
^■ig  lead  pencils^  and  fo?  giving  a  black  polish  to  ifou 
^articles,  such  a^  fftovc^i,  &c. ;  it  is  so  soft  and  Ini' 

nat  it  is  adde<l  to  gn^se  for  the  purpose  of  pi.  .^  :,...:^ 

Betion  in  wheels  and  machinery ;  it  is  also  so  nearly  lit* 

rTuribli*s  arrr  made  of  it,  which  endure 

, -.^ :   without  burning  (bhie*pi>ts). 

Diamond  (crystallized  cohrless  carlion)  is  the  tmrdetit 
rnul  appearance  if- haj«  not-,  ill' ! 
.      ,  .       ,,,   .iiieo  to  coal,  yet  it  caji  be  eni-. 
init  up  in  oxygen,  and  carbonic  acid  Is  the  only  pn 
;  obtained  from  it^  and  exactly  so  mucli  is  obtained 
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as  wouJd  have  lesiilted  from  the  combustion  of  an 
equally  heavy  piece  of  charcoal  or  eoke*  In  order  to 
crystalline  a  siibstaiice,  it  must  first  be  rendered  fluid, 
which  13  done  either  by  melting  or  dissolting  it.  Coal 
can  neither  be  melted  by  the  strongest  heat,  nor  dis- 
solved in  any  known  liquid.  Should  a  method  ever  be 
discovered  for  rendering  it  liquid^  then  diamonds  could 
certainly  be  artificially  imitated- 

108.  Carbon  shows  very  clearly  how  one  and  the 
same  body  can  have  quite  difTerent  forms  and  different 
properties.  In  charcoal,  soot^  coke,  and  animal  carbon, 
it  is  black  witfiout  any  determined  shape  {amm^kotis}^ 
and  very  combustible ;  in  graphite  it  is  black,  with  a 
crystallised  foliated  structure,  and  is  nearly  incjom- 
bustible ;  in  the  diamond  it  is  colorless,  and  is  crystal* 
li^ed  as  a  fouf^sided  double  pyramid  (octahedron),  aitd 
is  likewise  ahtiost  incombustible.  Hence  carbon  is  said 
to  be  ilinwrjihous^  ha%'ing  two  different  crys  tail  me  fonns. 
If  a  body  can  assume  more  than  two  crystalline  forjTis 
it  is  said  to  be  poff/m&rpkou^^  having  Qiany  forms. 

This  property,  which  many  elemeijts  have,  of  as- 
suming  dtfierent  form^,  is  also  called  alkdropic  (from 
aWorponoTi  different  nature)^  and  it  is  deBigiiated  by  an- 
nexing Greek  letters  to  the  chemical  symbols.  Accord- 
ingly carbon  occurs  in  the  three  following  allotrcjpic 
states  or  modifications;  as  Ca  in  diamond,  C^  in 
graphite,  and  C-y  in  charcoal* 

The  cause  of  this  difference  depends  upon  the  relative 
position  of  tlie  pnrticles  or  atonig  constituting  the  body 
towards  each  other*  The  same  fibres  of  cotton,  which, 
after  carding,  are  parallel  to  each  other,  when  matted  to- 
gether without  order,  constitute  pa|)er  or  paste-board ; 
when  loosely  woven  togetlier,  w^adding;  when  twisted, 
yarn  or  thready  and  when  they  are  made  to  intersect 
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each  other  reguJariy,  or  in  some  iotrieata  manner,  doUi, 
stockings,  velvet,  &c.  Nature  n\M}  impresses  diflurent 
forms  upon  the  same  substance,  but  in  a  8tiU  more 
vuried  and  artistical  manner.  The  adaptation  of  Uie 
atoms  to  eacli  othtir  is  not  rendered  visible  to  us,  even 
by  the  aid  of  the  strongest  mieroscope ;  but  this  theory 
may  be  regarded  as  correct,  since  it  explains  the  sub- 
ject in  a  simple  and  natural  manner. 

109.  Caal  atid  Oxij^en.  —  Coal  undergoes  no  change 
on  exposure  to  the  air^  or  when  imbedded  in  the  ground, 
It  is  not  decomposed  at  eommon  temperatures,  that  is, 
it  does  not  enter  into  combination  with  the  ony^n  of 
the  air  or  of  water.  But  \\\\^^  as  is  well  known,  takca 
place  very  readily,  when  heated  to  rcdncsta.  Jt  then 
burns  and  disappears,  with  the  cKception  of  a  &niall 
quantity  of  ashes.     Tlie  heat  thus  develo|)ed  is  the  rt** 

^iult  of  the  chemical  union  of  the  carbon  with  the 
oxygen  of  the  air.  The  g;L^  generated  is  called  cariumm 
mid^  which  forms,  with  lime- water,  a  white  precipitsite 

'  (carbonate  of  Uige),  as  has  been  stated  previou?ily. 
Carbonic  acid  consUts  of  one  atom  of  carbon  and  two 
atoms  of  oxygeOj  eon.^eqnently  it*i  formula  is  :^  C  0|. 
It  may  abo  be  obtainrd  us  follow*, 

Garbonic  Add.  —  Eiperimeni.  —  Mix  109  grains  of 
oxide  of  mercury  w*ith  four  gratna  of  charc43al,  and  heat 

*them  in  a  test*tube  (§  56).  A  lighted  taper  introduced 
into  the  ga^  ia  extinguished,  a  sign  that  it  contains 
no  free  oxygen.  If  you  tihakc  it  with  lime-water,  the 
liquid  becomes  turbid,  and  on  shaking  the  Oaak  the 
finger  ia  sucked  in,  or  rather  it  is  pressecl  into  the  n«ck 
»f  the  flask  by  the  atmospheric  air,  a  proof  tli;/  *  14 
ab8orl>ed  by  the   lime-wuter,  and   that    1  ni 

was  produced  within  the  vessel.  If  the  o%jde  of  mm* 
cxiry  had  been  heatid  by  it.stlf  {  ^^'iG ),  it  would  bain» 


CARBON. 


Fiff.  6R  separated       in  to 

mcrLuiry  and  ok- 
ygen ;  and  this 
also  happens  in 
the  present  ex- 
periment, but  the 
oxygen  does  nor 
e^ape  as  such,  it 
having  previous- 
ly united  with 
part  of  the  coal ; 
the  gas  evolved 
is  carbonic  acid. 
The  mercury  is 
found,  as  a  metallic  mirror,  at  the  upper  part  of  the 
test-tube.  After  the  experiment  is  finished^  some 
coal  stillr  remains  in  the  test-tube,  for  only  3  grains 
of  it  have  unites]  with  the  8  grains  of  oxygen  con- 
tained in  the  oxide  of  mercury  ;  consequentlyy  in  the 
same  proportions  as  in  the  burning  of  charcoal  in  pure 
oxygen,  (§§  63,  70.)  We  see  that  3  grains  of  carbon 
combine  with  as  much  oxygen  as  101  grains  of  mer- 
cury,  or  (§70)  with  as  much  oxygen  as  8  grains  of  sul- 
phur, 6  grains  of  phosphorus,  23  grains  of  sodium,  or 
20  grains  of  iron.  These  numbers  are  called  equwa- 
letUs ;  they  indicate  that  3  grains  of  carbon  have  the 
same  chemical  value  as  101  grains  of  mercury,  or  as  8 
grains  of  sulphur,  Sec*  'In  the  same  sense,  when  we 
see  a  steam-engine  perform,  in  one  day,  the  work  for 
which  four  horses  or  twenty-four  men  were  required,  we 
say  that  the  power  of  the  steam-engine  is  equivalent 
to  the  power  of  four  horses  or  twenty-four  men,  (§164), 
110*  Carbonic  Oxide  Gas* — When  charcoal,  during 
combustion,  has  a  sufficient  supply  of  air^  then  carbonic 
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acid,  or  C  O,,  is  formed ;  but  if  thefe  is  a  deficiency  of 
air,  then  3  grains  of  charcoal  unite  with  only  half  as 
much  oxygen,  namely,  with  4  instead  of  8  grains,  and 
there  is  produced  but  half-made  carbonic  acid,  as  it 
were,  which  is  called  carbonic  oxide  gas  =  C  O.  Car- 
bonic oxide  gas  is  extremely  poisonous  when  inhaled, 
and  constitutes  what  the  miners  call  coal-gas.  This 
gas  is  always  formed  when  charcoal  burns  slowly,  for 
example,  in  a  chafing-dish,  because  the  ashes,  accumu- 
lating round  the  coals,  obstruct  the  access  of  air ;  and 
it  is  also  formed  when  the  damper  of  a  stove  is  closed, 
before  the  coal  is  burnt  out,  since  in  this  case  the 
draught  of  air,  and  consequently  the  supply  of  sufficient 
oxygen,  is  prevented.  Notwithstanding  repeated  warn- 
ings, accidents  not  seldom  occur  from  the  fumes  of 
burning  charcoal.  Carbonic  oxide  burns,  when  kindled, 
with  a  blue  flame ;  it  takes  up  the  deficiency  of  oxygen 
not  supplied  to  it  by  the  air  while  forming,  and  is  con- 
verted into  carbonic  acid ;  that  is,  it  takes  up  as  much 
again  oxygen,  and  C  O  becomes  C  O^^.  The  blue  flame 
which  is  always  perceived  on  feeding  the  fire  with  fresh 
coals,  or  in  large  masses  of  glowing  coals,  b  burning 
carbonic  oxide  gas. 

COMBUSTION. 

111.  Every  combustion  with  which  we  are  familiarly 
acquainted  is  caused  by  a  rapid  chemical  union  of  com- 
bustible bodies  with  the  oxygen  of  the  air,  and  the  pro- 
cess may  be  regarded  as  one  of  oxidation.  The  con- 
sumed or  oxidized  combustible  substances,  that  is,  the 
compound  of  the  fuel  with  oxygen,  are  mostly  aeriform- 
We  call  them  smoke,  which  will  not  support  combus- 
tion.    It  follows  from  this,  that,  in  order  to  maintain 


^mbuEHon^  fresh  air  must  be  amiimt^f  m^fpSfd  to  iJie 
and  the  smoke  conducUd  off*  Tlik  m  eftcted  bj  m 
mt  of  air. 
Experiment* — ^  Place  the  glass  cylinder  of  a  lamp 
over  a  lighted  candle^  which  wtU 
soon  be  extingm«hed|  hecaase 
no  fresh  air  can  enter  from  be- 
low. The  candle  is  ako  extin- 
guished when  the  cylinder  is 
covered  at  the  top,  althongh  the 
cylinder  is  bo  held  that  the  air 
can  gain  admittance  from  he- 
low;  it  is  extingnisbed  in  this 
caae,  hecausc  the  escape  of  the 
burnt  gases  is  prevented*  If  the 
cylinder  is  placed  uncovered  on  two  pieces  of  wood,  the 
mdle  continues  to  burn  quietlyj  and  by  holding  a  taper 
cently  extingubhed  near  the  lower  opening,  it  will  be 
'obvious,  from  the  directioo  of  the  Bmoke, that  air  rushes 
in  at  the  bottom,  but  escapes  at  the  top,  having  become 
hot  and  lighter  during  the  process  of  combustioni 

The  hand  can  be  held  quite  close  over  the  flame  of  a 
lamp  without  being  burnt,  but  if  the  flaiue  be  surrounded 
by  the  glass  cylinder,  the  heat  cannot  be  borne,  unless 
the  hand  be  much  farther  removed  from  the  flame.  In 
the  former  case  the  hot  air  radiates  in  all  directions,  while 
in  the  latter  it  is  confined  within  the  walls  of  the  cylin- 
der ;  consequently  the  hot  air  must  issue  from  the  top 
Tfujre  rapidly^  and  the  cold  air  enter  viore  rapidly  from 
below  to  replace  it.  Owing  to  this  increased  current  of 
air,  cylinders  effect  a  brisker  and  more  perfect  combus- 
tion, and  cause  a  brighter  and  stronger  illuminating 
flame. 

Chimneys  are    to  fire-places  what  eviinders  are  to 
9* 
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lamps.     It  is  well  known  that  narrow  chimneys  dial 
better  than  wide  oneB;  the  air  escapes  IVom  tlie  foririr 
I      hotter  and  more  rapidly;  hence  a  gn*at^"r  c|uantily  of 
rold  air  is  supplied  to  the  lire,  caimiig  it  to  buni  more 
,      freely, 

I  Expenmerti,  —  If  the  upper  part  of  the  cyljiidcr  of 

^^  a   lamp   be   divided   into   two 

^H  *^'  J^  channels  by  a  partition  down 

^B  H  the  middle,  the  eondte  will  then 

^B  Mj  burn,  even  if  ncces^  of  air  be  etit 

^B  11  oK   from   below.      The  smoke 

^B  I A  of  a  glinmiering  taper  will  be 

^^  /Q\^^         drawn  inwmds  on  one  side  and 

I  y^^  raF^^/     expelled  from  the  other^  as  indi- 

I         /         (w^     i       cated  by  the  arrows  in  ilie  fig- 

I        / /         ure ;  a  draught  of  air  sets  in  from 

the  top  to  the  bottom,  which 
supplies  the  oxygen  requisite  for  eambustioo;  that  this 
current  of  air  exists  h  also  made  evident  by  tlie  qniver- 
I     ing  motion  of  the  flame. 

112*  In  commorj  lamps  air  has  access  only  to  the 
outside  of  the  flame;  hence  combustion 
goes  on  only  at  the  dreumfereace,  and  not 
simultajieonsly  lu  the  interior,  as  is  indicate 
ed  by  the  dark  centjid  portion.  But  if  air 
be  admitt4*d  into  the  interior  of  the  ilame^ 
this*  dark  portion  disappears;  (ben  a  more 
complete  combustion  is  e fleeted,  with  the 
production  of  inereased  light  On  tliU 
principte  the  so-called  Ar^mid  lamps  are 
constructed}  to  M^bich  are  adapted  circular 
wick^,  v>u  that  the;  air  has  access,  not  naly  to 
the  exterior  snrfaee  of  tlie  (lame,  bat  in  ad- 
tnitted  from  below  direcUy  Uirough  the  eeii* 
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tre  of  the  flame^  cati^iiig  it  to  burn  in  the  form  of  a  hol- 
3W  ring.     They  are  also  called  lamps  with  a  double 
draught    The  so-called  Berzelius  SpirU'Lumpf  universal- 
ly employed  in  chemical  laboratorieSj 
when  a  higher  heat  is  required  than 
a  ex>mmoa  gpirit-lanip  can  yield,  ia 
constructed  on  thia  priueiple.     ft  ia 
made  of  brass  plate,  ig  attached  to  a 
brass  sf^ud,  and  is  provided  with 
several   rings  of  various   aisles   for 
holding  porcelain  dishes,  crucibleSi 
and    other  vessels,  that  are  to   be 
heated.      In  using  this  larapj  care 
must  be  taken  that  suiHcient  space 
be  left  between  the  vessels  and  the 
chimney  for  the  escape  of  the  hot  air^  and  for  the  ditTn- 
aioQ  of  the  upper  part  of  the  flame*     If  this  be  not  done, 
.  the  combustion  will  be  imperfect,  and  consequently  less 
I  beat  be  given  out     When  it  is  desired  to  feed  the  lamp 
ith  more  alcohol,  the  flame  must  first  be  extinguished, 
''as  otherwise  the  alcohol  might  take  fire  and  cause  seri' 
ous  inconvenience, 

113>  In  order  to  kindle  a  substance,  and  to  keep 
it  continually  burning,  it  must  first  be  heated  io  a  certain 
pfmitf  arid  then  maintained  at  this  temperature. 

Fi*  63.  Experiment,  —  Heat  in  a  small  ves* 

sel  some  ashes  or  sand,  ou  which  a 
few  friction-matches  have  been  placed; 
the  latter,  or  more  correctly  the  phos- 
phorus on  them,  will  not  inflame  until 
the  ashes  are  heated  to  about  65-70^ 
C*,  which  can  be  readily  ascertained 
by  the  thennometer* 
114.  Slow  and  rapid  Cofnbmtion.  —  Experitnent.  —  If 
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a  coO  of  fine  platinum  wire,  being  raised  to  a  white  heat 
in  the  Hame  of  a  spirit-lamp,  be  plunged 
qiiiekly  into  a  heated  goblet  into  which 
a  teaspooiafnl  of  strong  alcohol  has  been 
poured,  it  wiU  continue  to  glow  in  the  va-* 
poF  of  the  alcohol  J  whilst  it  would  soon  bav^e 
ceased  glowing  in  the  air.  The  alcohol  un- 
dergoes a  slow  combustion,  that  is,  it  uuites 
with  a  small  quantity  of  oxygen,  and  the 
heat  thus  liberated  is  sufficient  to  keep  the 
wire  red'-hoL  A  disagreeable  sour  smell  will  also  be 
perceived,  proceeding  from  the  new  combination  formed 
between  the  alcohol  and  oxygen  during  the  slow 
combustion,  and  which  may  be  regarded  as  partially 
burnt  alcohoL  When  alcohol  is  kindled,  it  burns  briskly 
and  completely,  and  the  products  emit  no  smell;  there- 
fore the  combinations  formed  during  the  rapid  or  com- 
plete combustion  must  be  different  from  those  formed 
during  the  slow  or  incomplete  combustion.  Something 
Bimllar  to  this  is  perceived  with  all  other  combustible 
bodies.  The  unpleasant  odor  caused  by  the  siogeing 
of  the  hair,  the  scorching  of  wool^  the  boiling  over  of 
milk,  and  the  dull  burning  of  blotting-paper,  is  tlie  conse- 
quence of  incomplete  combustion ;  if  they  had  been  com* 
pletely  burnt,  no  bad  smell  would  have  been  observed* 
If  in  the  last  experiment  ether  be  suK^tituted  for  alco- 
hol, and  the  wire  be  brought  to  a  white  heat,  it  wiU 
cause  it  to  burst  into  flame;  but  the  red-hot  wire  will 
not  kindle  it  The  temperature  of  the  red-hot  wire  is 
not  sufficient  to  produce  rapid  combustion  of  the  ether, 
but  a  stronger  heat  is  required.  As  phosphorus  did 
not  inflame  until  it  was  heated  to  70^  C»  nor  ether  un- 
til a  higher  tem  pern  tore  was  attained,  so  all  combusti- 
ble Bubstances  require  a  certain  degree  of  heat  at  which 
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to  enter  into  rapid  combustion^  some  a  highe?  and  some 
a  lower  degree.  When  burning  bodies  are  cooled  below 
this  temperature,  they  are  extinguished.  Red-bot  iron 
will  continue  to  burn  in  oxygen,  but  not  in  common 
air;  beat  enough  is  evolved  during  the  combustion  in 
oxygen  to  keep  it  burning,  while,  in  the  five  times  slow- 
er combustion  in  the  air,  suflicient  heat  is  not  evolved 
for  the  continuance  of  this  process.  Pit-coal  requires 
for  sustained  combustion  a  stronger  heat  than  wood ; 
therefore  the  pieces  must  lay  close  upon  each  other  in 
the  grate  or  stove,  or  they  will  cool  off  too  much  and 
cease  burning ;  wood  continues  to  burn,  even  when 
spread  loosely  about  on  the  hearth  of  the  stove,  A 
glo%vi ng  coal  is  extingxdshed  much  sooner  when  placed 
on  iron  than  on  wood,  for  the  iron,  a  good  conductor 
of  heat,  withdraws  the  warmth  more  rapidly  than  wood, 
a  bad  conductor. 

Even  the  flame  of  a  candle,  or  of  a  spirit-lamp,  c^n  be 
cooled  to  such  a  degree  by  iron  as  to  be  extingniished, 

^xperimenL  —  If  you  introduce  a  piece  of  wire  gRu^^e, 

k  such  as  is  used  for  sieves,  into  the 

,.p^_^  flame  of  a  lamp,  this  will  be  snp- 

^^*^^;;i^  3  pressed  as  though  a  piece  of  tjn- 

)S,{  ^(JL plate  were  held  over  it,  and  smoke, 
jt^^^j^K^     ^'^^  "^  flame,  passes  through  the 
^^^M^W         net-work.     This  snioke,  if  kindled 
^^^^^^^^  ^y  ^  rnatch,  will  again  burn.     The 

£&  smoke  in  passing  through  the  iron 

^  1  gauze  has  become  cooled  down  be- 

low the  temperature  necessary  for 
burning;  If  tlijs  tempenitufe  be  restored  by  the  applica- 
tion of  a  taper,  or  by  the  gauze  having  reached  a  w^hite 
heat,  the  smoke  is  again  kindled. 

An  illustrious  English  chemist  has  made  a  successftd 
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application  of  this  principle  for  the  prevention  of  the  ex- 
plosions  so  often  occurring  in  coal  mines.  In  many 
mines  a  combustible  gas  (fire-damp,  or  light  carburetted 
hydrogen)  issues  from  the  fissures  of  the  coal,  which, 
mixing  with  the  atmospheric  air,  forms  an  explosive  gas, 
which  might  be  fatal  to  the  miner  who  should  carry  a 
burning  lamp  into  a  vein  filled  with  such  a  gas.  But 
if  the  flame  be  inclosed  within  an  iron  net- work,  the  ex- 
plosive gas  would  only  bum  within  the  cage ;  the  miner 
thus  warned  has  time  to  withdraw,  and  this  dangerous 
gas  is  afterwards  expelled  by  appropriate  means.  (Do- 
mfs  Safety-lamp.) 

115.  Complete  Combustion.  —  In  the  combustion  of 
hydrogen,  water  is  formed  (§  87),  and  in  the  combustion 
of  carbon,  carbonic  acid  (§§  63,  109).  Both  of  these 
products  are  also  formed  in  the  combustion  of  most 
other  substances  familiar  to  us,  as  these  generally  con- 
tain hydrogen  and  carbon,  on  which  depends  their  ca- 
pacity for  burning. 

Experiment.  —  Invert  an  empty  flask  over  a  burning 
candle,  so  that  it  may  receive  the  hot  gases 
as  they  form ;  it  becomes  clouded  on  the  in- 
side, from  the  deposition  of  mobture  which  is 
condensed  from  the  smoke  upon  the  cold  sur- 
face of  the  glass.  This  smoke  consequently 
contains  vapor.  This  explains  why,  on  heat- 
ing a  vessel  over  a  lamp,  moisture  is  depos- 
ited on  the  outside  as  long  as  it  remains  cold. 
Pour  lime-water  into  the  flask,  and  agitate  it 
The  liquid  will  become  turbid,  and  deposit, 
on  standing,  a  white  powder  (carbonate  of  lime) ;  thus 
the  smoke  contains  also  carbonic  acid;  some  nitrogen 
also  must  of  course  be  present,  as  it  existed  in  the  at- 
mospheric air  which  was  used  in  maintaining  the  fire. 


Fig.  66. 


COHBUSTION. 


107 


Fl5*6T, 


These  component  parts  exist  llkewiae  in  the  smoke 
Fhich  ksues  from  the  chimneys  of  houses,  whether 
formed  from  the  combustion  of  wood,  pit-coal,  or  brown 
coal ;  and  are  cotitained  iu  the  invisible  current  which 
ascends  from  an  alcohol  or  oil  flame- 
116*  Jmomplele  CcmAmtiofU  —  Expcrimenl,  —  If  you 
extingmsb  a  lighted  candle  having 
a  long  snuff,  you  can  rekindle  the 
smoke  ascending  from  the  wick, 
even  at  some  distance ;  this  smoke 
consists  of  the  combustible  gases 
into  which  the  taUow  has  been 
converted  by  heating.  It  is  par* 
tialiy  consumed  tallow,  and  has  an 
^tpnileasant  smell.  On  being  extinguished  insufficient 
beat  is  not  retained  for  its  complete  combustion,  but 
this  commences  again  when  the  smoke  is  heated  and 
kindled  by  a  match.  Completely  burnt  tallowj  that  is, 
tallow  converted  into  carbonic  acid  and  water,  has  no 
smell, 

ExperimenL  —  If  you  stop  up  the  draught  of  a  burn- 
ing astral  or  Argand  lamp  (^  112)  with  a  piece  of 
paper,  the  flame  will  immediately  become  dark  and 
red,  emitting  a  thick  black  smoke,  which  has  a  very  dis- 
agreeable odor,  and  which  covers  a  piece  of  paper  held 
over  it  with  soot  There  is  an  incompkie  cmnbustimi  of 
the  oily  oumig  to  the  exclusion  of  the 
air;  a  part  of  the  carbon  contained 
in  the  oil  remains  unconsumed,  and 
escapes  as  sooL 

ExperimenL — Refrigeration  gives 
rise  to  the  same  phenomenon^  as, 
for  example,  when  an  iron  spoon 
is  held  over  the  fiame  of  a  com- 


FiiT'SSl 


it  aJiJO  obstrueta  the  draught  of  air ;  a  part  of  tlie  car- 
botJ,  therefore,  remains  un  concur  tied,  aiid  is  '^  I 

as  soot  upon  the  spoou.  In  tbia  wiiy  \VEttt'Uni;i  ^  - 
pare  lamp-black  for  oiarkitig  their  dial*pl;it.es.  A  tal- 
low candle  yields  an  invisible  and  scentless  smoke 
when  allowed  to  burn  quietly^  but,  on  the  contrary,  a 
sooty  and  disagreeably  smelling  smoke  when  the  tlnme 
IS  cooled  by  blowirjg  upon  it,  or  inuving  the  lajnp  about. 
In  order  to  sniokc  meat  rapidly,  green  or  wet  wood  is 
burnt;  this  yields  a  thick,  black  smoker  because  it  can- 
not be  heated  above  100^  C.  as  long  as  it  contains 
water,  and  at  this  low  tempera ture  it  is  only  incom* 
pletely  consumed. 

117*  lUnmhmiwg   Gas  and  Flame. —  Erperimefit^  — 
,  To  acquire  a  clearer  understanding  of  the  product's  of 
incomplete  combustion,  put  into  a  targe 
test*tubc  some  wood-shaving^^  «rid  heal 
it,  having  previoubly   adapted   to   the 
opening  a  cork,  provided  with  a  gla^s 
tube  or  a  piece  of  pipe-sitem  (Fig.  6S>), 
The  gaseous  matter  which   is  formed 
will  pass  through  the  tube,  and,  on  be- 
ing kindled,  will  burn  with  a  ^  ia 
flame.     Previously  to  being  ki?:        ,    ae 
shavings  emit  a  sour  and  empyreumalic 
ndor;  this  stnell,  however,  vanii<heA  en- 
tirely on  burning.    Flam€\  thcut  is  caused 
burning'  g'os.     Substances  which  da  not  beconM 
^Hcous   on   eombastion   can   only  glow,   b«  »t 
Sum  with  a  ilamc.     Home  chanx)al  wiil  rut       .     u- 
burnt  in  the  tctit'tubCf  oxaing  to  a  di^cicncy  in  Um  8ii|^ 
ply  cif  air*     An  application  of  lliin  principle  is  iniid« 
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on  a  large  scale  in  the  preparatiDn  of  inuminaftng-  g^aif 
by  the  heating  of  pit-coal,  rosin,  &c,s  in  closed  iron  ves- 
mh.  Every  candle  and  eveiy  oil-lamp,  when  burn  in  g, 
are  generators  of  gas  on  a  small  scale. 

118,  ExpmmeM.  —  Kepeat  the  experiment  with  pnU 

veiized    pit-coal^ 
^^^  ^'^  ^  but  conduct  the 

^^^^^^^  I  gaSf    through 

^^^^V  I  bent  glass  tube, 

^^^^^K  ^  J^^  ^^^^  ^  j^  placed^ 

^^^^^v  J-  5p^  over  the  pneuma- 

^^V  j|p^^pr|  tic  trough,    and 

^^V         /m^^^yL  .^S.  *^ollect  it  as   al- 

^^B      j^  iN^         .^^Bm  ^^^^y    describe d, 

^^1    i^T   m^^^B  I     fl^Bi^BR^  "^^  ^^  ^^  color- 

^1      Sf  ^""IBB^^^i^  ing  ignited  burns ^ 

^j</^^  v-s^j^^^^  like  hydrogen,but 

V[^F  with  a  far  more 

<^BI^  luminous   dame. 

Its  chief  constit- 
uent is  indeed  hydrogen,  chemically  united  with  some 
carbon  (carburetled  hffdrog'en  gas).  During  combus- 
tion, both  constituents  of  illuminating  gas  unite  with 
the  oxygen  of  the  air,  and  are  converted  into  carbonic 
acid  and  waten 

Coke^  already  alluded  tOj  which  is  a  tolerably  pure 
carbon,  remains  behind  in  the  tube. 

Carbon  forms  with  hydrogeth  a  very  numerous  class 
of  chemical  compounds  j  those  with  which  we  are  beat 
acquainted  arc,  —  a)  light  carbttretted  hydrogen  (Ha  C), 
which  issues  £rom  the  fissures  of  many  coal-beds  (fire- 
damp, §  114),  and  is  likewise  always  generated  wher- 
ever vegetable  matter  is  puixefying  under  water  (marsh 
10 
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.gasj  §  446) ;  owing  to  its  larger  proportion  of  liydrogeiH 
'  it  is  lighter^  and,  on  account  of  its  smaller  proportion  of 
carbotij  it  burns  with  a  paler  flame,  tlian  b)  heavi/  car^^ 
buretkd  ki/dtogcn  (H,  C<),  commonly  called  ole&aut  gas 
(§503).  These  two  gases  (Ha  C  and  H*  C,)  fonn  the 
principal  constituents  of  the  common  iUuminatliig  gas, 
119*  Experimeni, —  Heat  some  pieces  of  wood,  and 
conduct  the  volatile  matter  through  a  tube  into  a  (lask 
immersed  in  cold  water,  and  adapt  to  the  cork  of  the  laU 
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ranother  open  tube,  for  the  escape  of  the  illuminaiii^ 
Two  Huidi  will  bo  condensed  at  the  bottom  of 
tbe  flask;  one  a  yeiy  thick  viscid  fluidi  and  the  other  a 
^tbinner  watery  substance,  Tlie  first  is  culled  ipoad* 
ar;  it  is  resinous^  and  is  therefore  insobiblc  in  water. 
The  otlier  is  called  wood'Vine*far^  or  pyn:>ligacoQa 
ieid  J  both  its  taste  and  action  upon  blue  tcHt-paper  irt» 
Pdicate  that  it  is  an  acid,  lUiimirmiin^  f^as^  wood-iur^ 
and  tvmd'Vineg'ar  did  fuA  premmisl^  exist  in  ih^  %mmd^ 
but  were  formed  during  the  incomplete  coinbu;(tiuit 
from  its  constituent  part^^  carbon^  hydrogen,  and  oxy- 
gen, Buch  new*formed  Bub.Htancea»  are  calb^d  /worfwc/j; 
nd  in  Uio  present  caacj  niorcovor,  prodacta  of  the  in» 
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complete  combnstion  (dry  distillation)  of  wood*  Hy- 
drogen predominates  in  illuminating  gas ;  oxygen  in 
pyroligneous  add  ;  and  carbon  in  wood-tar;  aU  of  them, 
owing  to  the  deficient  supply  of  air^  were  but  partially 
burnt,  and  they  are  hence  capable  of  undergoing  further 
combustion  in  the  air,  and,  like  the  wood  from  which 
they  originated,  of  being  fully  converted  into  carbonic 
acid  and  water.  A  portion  of  wood  always  remains  in- 
completely consumed  in  our  fire-places^  and  therefore 
soot  is  deposited  in  the  funneU  and  chimneys ;  the  tar 
and  acid  are  also  deposited^  as  a  black  shining  sab- 
stance  J  upon  the  jambs  of  the  chimney. 

The  operation  by  which,  as  in  the  present  ca5.c,  liquid 
produet-s  may  be  obtained  from  a  solid  substance,  ia 
called  drij  disiiUaiion.  Most  of  these  liquids  have  a 
browjn  color,  and  a  peculiar,  unpleasant,  cnipyrcumatic 
smell  a!jd  taste. 

120*  It  has  been  pre%ioTisly  stated  that  hydrogen 
burns  very  easily,  and  with  a  flame,  while  carbon  bnrns 
more  diiBcultly,  and  without  flame;  thus  is  easily 
explained  why  fuel  burns  with  a  flame  at  the  eom- 
tnencement  of  the  combustionj  but  finally  only  glows ; 
it  is  the  hydrogen  which  first  burns  with  a  fiaim^  and 
afterwards  the  carbon,  with  a  mere  glow,  without 
flame*  All  combustible  substances  that  contain  hydro- 
gen and  carbon  bum  in  a  simOar  manner*  Burning 
wood  presents  the  most  convincing  iUustration  of  this 

^    ^         faetp 

Fig.  72. 

15L  The  alcohol  flame  consists  of  two 
parts ;  the  dark  central  part  is  alcohol  vapor, 
and  the  bright,  envelope  is  alcohol  vapor 
uniting  chemically  with  the  oxygen  of  the 
air.  The  tapering  form  of  the  flame  is  ow- 
ing to  the  ascending  of  the  hot  gases,  and 
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t!ie  rushing  in  of  cold  air  from  below.     The  alcohol 
'is  drawn  up  from  the  lamp  by  the  capillarity  of  the 
wick   (§  106) ;    it  burns  with  a  fceble  lustre,  but  if  a 
twisted  wire  or  some  other  Eohd  body  bcs  iotroducod 
into  it,  it  will  then  burn  vi%idly.     If  a  thiii  wire  is 
placed  acmsa  the  tlame^  it  will  be  heated  to  redaess 
.near  the  margins  of  the  flame,  while  in  the  interitif  it 
'will  remain  dark  ;    cunsequently,  the  external   paft    in 
much  hotter  than  the  ecatml  part  of  the  flame.     The 
J  point  of  greatest  heat  13  indicated  by  the  mark  iu  the 
rfii^re,  and  vessels  to  be  heated  over  the  j?pirit-bmp 
should  never  be  placed  below  this  point     This  may  be 
^Tendered  very  evident  by  applying  a  friction* match  to 
'\hh  part  of  the  flamcj  when  it  will  take  fire  at  once; 
but  not  so  quickly  if  thrust  into  the  centre  of  the  flame. 
122.  In  the  Jlame  of  a  lamp  or  camfky  llirce  portions  cnti 
be  distinguished;  in  the  middle  (ti^  Fig,  73)| 
the  dark  centre,  consisting  of  illuminating  gas 
(decomposed  tallow);  arouml  this  {/>),  the 
luminous  cone,  consisting  of  burning  hydro- 
gen, intimately  robcod  with  carbon  at  a  white 
heat;  and  on  the  very  ouimk   (i^)^  a  thin, 
scarcely  perceptible  veil,  uj  which  carbon  is 
borning.     If  a  horixontal  section,  through  the 
centre  of  the  flame,  be  guppo^^ed,  it  w^ouUl 
present  nearly  the   same  appearance  as  iu 
Fig.  74-     The  middle  circle  is  carburetted 
hj'drogenj   or  iHnminrr  ;;  ibc 

hydrogen  of  which  bti  .,  ,  ._\  and 
tiie  great  warmth  thus  evolved  bdti|E!8 
the    carbon  to  a  white   ■  tji 

fa  indicated  by  the  decouu  ..,._){ 
and  tlnailyi  in  the  e^t4!fiiir  circle,  ibci 
csirboti  U  coiisuiuod      The  heated 
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carbon   in  the  second  ring  imparts  to   the   (fame  itg        1 
illuminating  power,  just  as  the  glowing  wire  rrnderod        1 
the  alcohol  ikme  luminous.     If  a  cold  knife  be  intro-        1 
duced  into  the  flame,  a  portion  of  the  carbon  will  be  so^^fl 
much  cooled  that  it  cannot  burn,  and  will  be  deposited^^B 
upon  the  knife  in  the  form  of  soot     If  a  wire  be  held       1 
through  the  flame,  the  glowing  part  at  the  hot  margins        1 
will  remain  dear,  while  soot  will  be  deposited  upon        1 
that  part  of  it  which  is  in  the  interior  of  the  flame,               I 
The  brightness  of  a  flame  always  depends,  as  th&^^l 
\ '    foregoing  experiments  show,  upon  the  presence  of  a^^^H 
solid  body,  usually  soot,  which  glows  in  the  flame  ;  if  it       ■ 
be  only  heated  to  redness,  the  flame  will   give  out  a       ■ 
smoky  red  light,  but,  on  the  contrary,  a  briUiant  light ,     I 
when  heated  to  a  white  glow.                                                 I 

The  four  simple  substances  now  treated  of  form  the  ^^ 
chief  elements  of  plants  and  animals^  and  are  hence        1 
called  Org-arwg-ens  (generators  of  organic  bodies).                 1 

RETROSPECT  0:f  THI;  OHGA^^OGENS  (OXYGEN,  HTDKO- 
l                                 GEN,  NITBOGEN,  AND  CABBON). 

I          1.  As  we  distinguish  on  a  small  scale,  within  our- 
1      selves,  body  and  spirit,  so  we  distlngaish   also  on   a 
great  scale,  in  nature,  matter  {body)  and  forces  (spirit). 
2,  All  matter  is  ponderable-     Absolute  weight   de- 
termines the  actual  weight  of  a  body  in  the  air ;  spe- 
cific weight  the  relative  weights  of  substances  of  equaL^^| 

^m 

1         3.  Bodies  occur  in  three  aggregate  states;  they  are^^^J 

either  solid,  liquid,  or  aerironn.                                          ^^M 

4.  The  earth  may  be  regarded  as  the  represent^H vw^^^" 
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of  solid  bodies ;  water,  of  liquid ;  air,  of  aeriform  bodi( 
and  fire,  as  the  type  of  the  natural  forces. 

5.  The  single  particles  of  bodies  are  held  together 
a  power  called  cohesion.  It  is  strongest  in  solid,  a 
weakest  in  aeriform  substances. 

6.  This  force  is  weakened  by  heat,  strengthened 
cooling;  bodies  are  expanded  by  heat,  and  the  sinj 
particles  are  removed  from  each  other ;  by  cooling, 
the  contrary,  they  are  again  contracted  into  a  smal 
space. 

7.  Heat  also  changes  the  aggregate  state  of  bodii 
it  renders  solid  bodies  liquid  (melting),  and  liquid  b< 
ies  aeriform  (evaporation,  boiling). 

8.  On  cooling,  gaseous  bodies  become  fluid  (dis 
lation,  rain),  fluids  become  solid  (hardening,  freezing 

9.  On  the  melting  and  evaporation  of  solid  and  fli 
bodies,  heat  becomes  combined  or  latent  (production 
cold) ;  on  the  freezing  of  fluid  and  the  condensation 
gaseous  substances,  heat  becomes  free  (production 
heat). 

10.  All  bodies  contain,  accordingly,  latent  heat,  a 
the  fluids  always  less  than  the  gaseous. 

11.  Solid  bodies  also  become  fluid  by  solution  in 
liquid.  If  they  separate  again  from  such  solutions  ii 
regular  form,  they  are  said  to  be  crystallized.  Moval 
ness  and  time  are  necessary  for  crystallization. 

12.  Gaseous  bodies  which  on  cooling  easily  beco 
liquid,  are  called  vapors;  those  which  are  convert 
into  liquids  with  difliculty,  or  not  at  all,  are  cal 
ga^es. 

13.  Cohesion  of  bodies  can  also  be  destroyed  by  c 
ting,  breaking,  &c. ;  hereby  their  form  only  is  chang 
their  original  constitution  remaining  the  same.  Th 
are  exterior  or  mechanical  changes. 
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14*  But  changes  also  occur  by  which  bodies  are  so 
entirely  altered  in  their  constitution  and  properties,  that 
they  can  no  longer  be  recognized  as  the  original  bodies, 
but  must  be  regarded  as  new  bodies.  These  arc  inte- 
rior or  cfiemical  chatiges* 

15.  A  power,  more  or  less  inherent  in  all  bodies,  ia 
regarded  as  the  cause  of  the  cheniical  changes ;  it  is 
called  affiniti/^  or  ekciwe  affinUi/.  In  inanimate  or  inor- 
ganic bodies  this  power  rules  unrestrained,  but  in  living 
or  organic  bodies  it  is  regulated  by  the  vUal  power  of 
vegetables  and  animals, 

16.  Affinity  acta  only  at  insensible  distances ;  when 
matter  is  in  the  closest  contact. 

17.  AJiinity  is  stronger  between  bodies  in  proportion 
to  their  greater  dissimilarity,  and  so  much  the  weaker 
the  more  they  are  alike,  ^ 

18.  Chernical  changes  may  be  produced  in  two  ways ; 
either  by  the  combination  of  simple  bodies  into  com- 
pound ones  (synthesis),  or  by  the  separation  of  the  com- 
pound bodies  into  their  constituent  parts  (analysis), 

19.  By  analysis  bodies  are  finally  obtained  which 
can  be  no  further  decomposed ;  these  are  called  simple 
bodies  or  chemical  elemenls.  About  sLxty  of  them  only 
are  as  yet  known.  One  element  cannot  be  converted 
into  another. 

20.  Almost  every  chemical  compound  may  be  decom- 
posed by  electricity  or  galvanism- 

2L  By  heat,  the  affinity  of  bodies  for  each  other  is 
somctiraes  strengthened,  sometimes  weakened;  heat  as- 
sists both  in  combining  and  in  decomposing  bodies. 

22.  All  chemical  combinations  take  place  according 
to  fixed  measure  and  weight  This  conibrinity  to  law 
also  prevails  where  substances  combine  together  in  sev- 
eral proportions  (degrees  of  oxidation,  &e.). 
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23.  Heat  is  evolved  during  almost  all  chemical 
changes,  and  not  unfrequcntly  gives  rise  to  the  phe- 
nomenon of  fire  (combustion). 

24.  What  is  ordinarily  called  combustion  is  a  combi- 
nation of  carbon  or  hydrogen  with  the  oxygen  of  the 
air,  —  an  oxidation, ' 

25.  To  oxidize  signifies  to  combine  a  body  with  ox- 
ygen. The  body  combined  with  oxygen  is  (in  the 
wider  sense)  called  an  oxide. 

26.  There  are  two  different  sorts  of  oxidation,  acid 
and  basic ;  the  metalloids  form  with  oxygen,  by  prefer- 
ence, acids ;  the  metals,  by  preference,  bases  (oxides  in 
the  narrower  sense). 

27.  Acids  and  bases  have  a  very  great  affinity  for 
each  other ;  when  they  combine  together,  the  acid  prop- 
erties of  the.  former  and  the  basic  properties  of  the  lat- 
ter disappear  (neutralization).  The  newly  formed  body 
is  called  a  salt, 

28.  The  chemical  elements  are  designated  by  the  in- 
itial  letters  of  their  Latin  names  (chemical  symbols) ; 
from  the  latter  chemical  formulas  are  constructed, 
which  represent  concisely  the  constitution  of  the  com- 
pomid  bodies. 

SECOND  GROUP  OF  METALLOIDS:   PYROGENS. 

BRLMSTONE,  SULPHUR  (S). 
At  Wt.  =  200.  —  Sp.  Gr.  =  2.0. 

123.  Sulphur,  an  article  very  familiarly  known, 
which,  on  account  of  its  easy  combustibility,  is  em- 
ployed in  the  manufiicture  of  matches,  &c.,  has  nei- 
ther taste  nor  smell.  It  has  no  taste^  since  it  is  not 
soluble  in  water.  When  we  throw  some  flowers  of 
sulphur  into  cold  or  hot  water,  it  is  not  dissolved.     We 
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perceive  taste  only  in  such  bodies  as  cao  be  dissolved 
in  water,  since  they  alone  will  dis^lve  in  the  saliva; 
for  example,  tiicre  is  taste  in  salt  and  sugar,  but 
none  in  insoluble  substanees,  as  stones,  charcoal,  starch. 
Sec  Sulphtif  has  no  stnelif  as  it  does  not  volatilise 
at  tJte  ordijiary  temperature.  We  can  oidy  perceive 
smell  in  a  body  when  volatile,  eonseqoently  gaseous 
or  vaporous  particles,  are  given  off  from  it,  and  come 
in  contact  with  the  lining  membrane  of  the  nose, 

124,  Experiments — Sidphur  is  fusibk.  Heat  tw^o 
ounces  of  floweis  of  sulphur  in  a  small  stone*ware 
crucible,  over  a  spirit-lamp ;  it  is  converted,  at  a  temper- 
ature a  little  above  that  of  boiling  water,  into  a  tiiin, 
brownish  fluid.  If  you  pour  some  of  it  into  cold  waterj 
you  obtain  again  solid  sulphur.  If  this,  after  being 
previously  dried,  is  retmned  to  the  crucible,  it  will  sink 
in  the  flnld  mass,  showing  that  solid  is  heavier  than 
melted  sulphur.  Almost  all  other  bodies  behave  in  the 
same  manner  j  ice,  which  floats  on  water,  being  an  ex* 
ception. 
125>  ExperimenL  —  Sulphur  may  be  crystallized.  Lict 
the  crucible  containing  the  melted  sulphur 
stand  till  a  crust  lias  formed  over  the  surface ; 
break  this  quickly,  and  pour  out  the  portion 
remaining  fluid.  Upon  afterwards  breaking 
the  crucible,  the  cavity  of  the  sulphur  will  be 
found  lined  with  fine  crystals,  in  the  form  of 
lengthened  pillars  (Fig- 75),  which  are  called 
oblique  rhombic  prisms.  This  is  the  second 
method  of  forming  crj^stals,  and  differs  from  the 
mode  of  obtaining  those  of  saltpetre  and  salt 
(§§50,  52),  inasmuch  as  in  the  one  case  the 
g  rendered  liquid  by  solution,  in  the  other  by 
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If  the  sulphur  is  allowed  to  cool  quiotiy^  \^ithotit  de- 
canting the  liquid  portion^  this  also  will  become  solid,  and 
such  a  dense  mass  of  crystals  will  be  formed,  that  there 
^will  be  no  vacant  space  beUveen  them.     This  mns^  on 
being  fracturcdj  presents  a  glistening  appearance,  owing 
to  the  reflection  of  light  from  the  surfaces  of  the  lyinute 
Lcrystalfl,     Such  a  body  Is  said  to  be  crystaUine^  or  to 
rtiave  a  cryslaUine  simcture, 

126*  In  different  parts  of  the  world,  particularly  in 
volcanic  countries,  large  beds  of  sulphur  (native  sul* 
pimr)  are  not  nn frequently  found,  and,  in  these  beds, 
fisstires  and  cavities  studded  with  the  most  beautiful 
|erystals,  which  required,  perhaps,  centuries  for  th^ir  for- 
mation. These  native  cry^jtals  have  a  very  djlFtrtrnt 
form  from  those  artifieially  prepared.  They 
occur  in  pointed  four*sidcd  pymmids,  applied 
base  to  base  (Fig,  76) ;  such  a  form  m  called 
an  acute  octahedron,  because  contained  under 
eight  acute  triangles.  Thus  sulphor,  like  <*ar* 
bon  in  diamond  and  graphite,  assumes  tuo 
different  forms ;  it  is  dimorpfnms. 
127,  Experiment* —  Sulphur  may  be  moile  to 
assume  a  stiU  tUlTcrent  slate.  Heat  a  test-tube,  sup|iort- 
^  ed  by  means  of  a  wire  tui^ted  rouiiU 

fitj  and  filled  with  powdered  siulphur, 
0%*er  a  spirit-lamp  ;  on  fusing,  the  sml- 
phur  runs  together,  so  that  it  only  half 
filk  the  tube,  1'he  sulphur  fifMt  be- 
cornea  thin,  like  water^  but  on  fuftbcr 
heating  it  bi^eomcs*  brown,  aiid  to 
thick  and  viscid  that  the  tube  may  bo 
inverted  without  the  sulphur  (lowing 
out  Thrown  into  water  whUc  jit 
condilion,  it  forma  a  tmni^parent,  solV,  elai^tie  main. 
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which,  after  a  few  dayg,  is  reconverted  into  solid  sul- 
phur-    This  sulplmFj  resembling  melted  glass,  is  said 
to   be   amorphom^  a  term   applied  to  all  other  bod- 
ies,  having  no  regular  form  \    such    as    guitij   pitch 
glue,  &a 

123.  Experiment. —  If  the  sulphur  in  the  test-tuhe  b€ 

heated  still  more  strong- 
ly, at  a  tcmpcratiue,  per- 
haps, four  times  above 
that  of  boiling- water,  it 
begins  to  boil,  and  is 
thereby  converted  into  a 
reddish-brown  vapor,  ml-' 
phur  fumes;  thus  sulphur^ 
IS  volatile^  and  may,  like 
water,  assume  aU  the 
three  states  of  aggregation  (solid,  fluid,  and  aeriform). 
Sidphur  is  twice  as  heavy  as  water,  and  the  fumes  six 
and  a  half  times  heavier  than  common  air*  Withia  , 
the  tube,  the  fumes  of  sulphur  are  transparent^  and 
have  a  reddish- brown  color  ;  but  after  escaping,  on 
the  eontraryj  they  appear  as  a  yellowish  snioke,  being 
condensed  by  the  cold  air  into  a  dust  of  solid  sulphur. 
If  these  fumes  be  conducted  into  a  glass  jar,  immersed 
in  cold  water,  the  sulphur  condenses  in  it  in  the  form  of 
a  soft  yellow  powder,  kiiown  in  commerce  by  the  name 
ot  Jlower$  of  sulphir.  In  the  preparation  of  sulphur  on 
an  extensive  scale,  the  operation  is  conducted  in  large 
chambers.  The  process  by  which  a  voiatile  substance 
is  evaporated  and  condensed  again  into  a  solid  is 
called  sublimation,  Li  distillation,  the  vapor  is  con- 
densed into  liquid  (the  distillate),  in  sublimation,  into  a 
solid  (the  sublimate). 

If,  in  this  experiment,  the  receiver  were  not  kept  eool, 
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it  would  gradually  become  so  hot  that  iho  sulphur 
would  pass  over  ae  a  fluid,  and  on  thie  principle  ruitive 
sulphar  is  purified  on  a  large  scale,  The  earthy  im- 
parities, not  being  volatile,  remain  beliind  while  the 
sulphur  is  distilled  over,  and  again  condensed,  Tho 
melted  sulphur  is  commonly  poured  into  moistened 
wooden  moulds,  and  is  then  called  roil'Suiphtir. 

129,  ExpenmeuL — FiJI  a  test-tube  half  full  of  soap* 
boiler's  lye ;  add  to  it  aa  much  flowers  of  sulphur  as  can 
be  taken  up  on  the  point  of  a  knife,  and  boil  the  mixture 
for  some  time;  a  part  of  the  sulphur  will  be  dissulvL^d, 
imparting  to  the  liquid  a  yeUowish»brown  colon  The 
clear  liquid  is  now  decanted,  diluted  with  wat^r,  nnd 
vinegar  added  to  it;  it  will  immediately  assume  a  milky 
appearance,  owing  to  the  separation  of  the  sulphur  iji 
the  form  of  an  exceedingly  fine  powder,  which  is  tsu 
light  that  a  considerabJe  time  must  elapse  before  it  will 
subside*  Collect  the  powder  on  a  filter,  wash  it  with 
water,  and  dry  it  at  a  gentle  heat.  It  is  called  milk  of 
sulphur^  or  predpUak'd  mlphur^  and  is  sulphur  in  ltd 
finest  state  of  subdivision,  caused  by  the  separatitm  of 
each  of  its  part  icles  by  the  water*  Precipitated  sulphur 
ha3  a  pale  yellowiaih  tint,  but  on  being  melted  it  be* 
comes  distinctly  yellow^  owing  to  the  union  of  the  Miigle 
parlirJes  into  a  larger  mass.  This  method  is  frt*quciitly 
employed  in  chemistry  to  con%^crt  solid  substances  into 
the  finest  powdiT.  Buch  embstances  thus  reduced  to  a 
fine  powder  arc  not  unfrequcntly  amorphous. 

The  solution  of  sulphur  in  lye  is  more  corr  ^~^  ''in 
that  of  sugar  or  of  salt  in  water ;  as  several .  n. 

liar  combinations  of  sulphur  with  the  cornponciii  pturts 
of  water  arc  formed  at  the  same  time.  One  of  Ihem^ 
sulphur«*ttrd  hydrogen  (M  S),  \m  gHseons,  and  ooeajHiciuf 
the  offcjisive  smell  wliieh  ia  emitted  on  tliis  addition  of 
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^f!€gar  to  the  solution  of  sulphur.  The  vinegtir  niiitea 
with  the  const ituent  of  the  lye,  which  then  loses  its 
power  of  holding  the  sulphur  in  solution. 

130.  Experimmt-  —  If  sulphur  be  heated  in  a  vessel 
^atfa  free  access  of  aii,  for  example,  in  an  iron  spoon, 
or  be  touched  by  some  red-hot  body,  it  burns  with  a 
blue  flame  I  that  Is,  it  unites  with  tbc  oxygen  of  the 
air,  under  the  phenomenon  of  fire,  and  forms  with 
the  oxygen,  as  has  been  previously  shown  (§  64),  an  ir- 
ritating gas,  sulphurous  acid  (S  O^)*  If  another  atom 
of  oxygen  be  added  to  this,  there  is  then  formed  the 
common  and  very  important  acid,  called  sulphuric 
acid  (S  Oj). 

This  property  which  belongs  to  sulphur,  of  Igniting 
and  continuing  to  burn  at  a  very  moderate  heat,  is  the 
reason  of  its  being  so  commonly  used  for  all  kin-diing' 
purposes.  By  means  of  it,  other  bodies  of  more  diificnlt 
combustion  may  be  heated  to  the  temperature  at  which 
they  can  continue  to  burn  (matches,  gunpowder,  fire- 
works, &c.).  The  kindling  of  a  simple  coal -fire  well 
illustrates  how,  by  gradual  transition  from  easily  inflam- 
mable materials  to  those  of  more  ditBcult  ignition ,  the 
latter  are  finally  brought  to  that  degree  of  heat  at  which 
they  will  ignite  and  continue  to  burn.  Thus,  sparks  of 
iron,  throum  out  by  the  striking  of  the  steel,  ignite  the 
fine  coal  of  the  tinder;  this  kindles  the  matchesj  by 
means  of  which,  first  straw,  then  wood,  and  finally  coal 
itself,  are  brought  to  the  temperature  requisife  for  burn- 
ing* The  following  is  the  scale  in  the  order  of  com- 
bustion: —  tinder,  sulphur,  strawj  wood,  pit-coal, 

131.  Sulphur  is  the  slrong-est  ekemkal  bothj^  next  to 
oxygen,  and  has,  like  it,  a  powerful  affinity  for  all  other 
elements. 

Es^erimenL  —  Boil  some  sulphur  in  a  test-tube,  and 
11 
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expos^e  a  very  tliia  eopprr  plate  to  tfifs 
brownii^h  vapor;  tlie  copper  will  glow 
^^L  vivid iy  for  some  momenta,  lose  its  red 

/^  \        color  and  flexibility,  become  gray  and 
/ar  \       britll*',  niid  weigh   one  qimrter   more 

^W  than  before.     The  newly-lbnned  gray 

^fI\  cryslnlline  body  h  called  sulphuref  of 

it  copper.     Both  elements  have  ititimnlje* 

&^P  ly  combined,  and  in  fixed  proportiooa. 

^^P  The  properties  of  the  guiphor,  113  well 

as  of  the  copper,  havo  tJiitirely  disappeared.  The  grpat 
heat  produced  is  a  coiisefjueiice  of  the  chemical  combi- 
nation, sinecy  in  aeeordaiiee  with  a  law  of  nature,  heat 
is  e  vol  veil  wherever  bodies  chemically  combine  with 
one  another,  but  in  most  easea  the  heat  doea  not  amount 
to  actual  glowing  or  eombustioa. 

In  a  similar  manner  almost  all  other  metals*  may  be 
c?onvcrted  into  Bulphiir  metals.  We  find  many  of 
thette,  however,  already  formed  in  the  earth,  and  min* 
ers  call  them  glance,  blende,  or  pyrites,  Tho  pyrites 
having  the  lustre  of  briis^,  and  found  in  ahuo.%t  uJl  pit* 
coal,  is  i?ulphurct  of  iron;  red  cinnabar  i^  eulphurct 
of  mercury,  5cc,  The  sulphiiret  of  cojjper,  artibdaUy 
prepared  as  above,  occurs  also  as  an  ore,  and  is  then 
called  topper  pyrites. 

E^^perimenL—  Mix  three  fourths  of  an  ounce  f>f  iron* 
filingfi,  half  an  ounce  of  flowers  of  sulphur,  mid  one 
fourth  of  an  ouncA3  of  water,  in  a  small  Yeseelj  and  put 
it  in  a  warm  place;  the  mass  beeomes  heated,  the  wa- 
trr  i*vapordt4*s,  and  in  hid  J'  an  hour  a  black  powdiT  will 
be  obtained,  in  which  no  parUclea  i)f  irtni  or  tif  sut|»hur 
wiin>e  perceived;  a  chemical  compoimri  -'/'■''  —  *  of 
irafh  is  fonned*    If  the  two  j?nb5l anre*^  lie  t  tT 

without  watar,  no  combinauon  wiil  take  place,  unbsss 
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Ihey  be  heated  to  redness ;  the  water  effects  the  combi- 

aation,  by  bririgmg  the  particles  of  sulphur  and  iron  into 

ich  close  contact  that  tliey  can  attract  each  other.     It 

Fis,  as  it  were,  the  bridge  by  wliich  one  body  passes  over 

[to  the  other. 

Sulphur  has  also  another  resemblance  to  oxygenj  that 
jf  combining  with  other  bodies  in  greater  or  less  quan- 
itieSj  according  to  circumstances-  The  quantities  here 
ilso  arc  always  fixed  and  unchangeabre  for  every  in- 
fdividiial  combination  (stochiometry).  In  the  simple 
ly  sulphuret  of  irorij  lOO  ounces  of  iron  are  always 
mited  with  57^^  ounces  of  sulphur  j  in  the  yellow  iron 
pyrites  100  ounces  of  iron  always  unite  with  115 
amices  of  sulphur  (degrees  of  sulphuration) ;  if  more 
sulphur  is  present,  it  remains  nncombincd*  The  degrees 
of  oxidation  are  distinguished  by  the  terms  prot&xides^ 
^Besqumvides,  ^nd  peroxides ;  in  the  combinations  of  sul- 
phur, when  the  sulphur  predominates,  they  are  called 
scsquisnlphureis  and  persylphurets ;  and  wlien  the  sul- 
phur is  not  in  excess,  they  are  called  protosnlphnreis ; 
|;and  in  the  latter  term,  when  there  is  a  deficiency  of 
Iphur,  the  syllable  $uh  is  substituted  for  proto. 
The  chemical  symbol  for  sulphur  is  =^  S*  Proto* 
lulp buret  of  iron  is  expressed  by  the  symbol  Fe  S ;  per* 
Bulphuret  of  iron,  by  Fe  3^*  Fe,  the  first  two  letters  of 
iie  Latin  word  ferruniy  is  the  symbol  for  iron. 


SULPHUEETTEB  HTDROGEN,  OR   HYDRO SULPIIUEIO 
ACID  (H  S), 

133.  Experiment —  Put  half  an  ounce  of  protosulphu- 
ret  of  iron  (Fe  S)  and  half  an  ounce  of  diluted  sulphuric 
acid  (§  S4)  into  a  two-ounce  flask,  and  quickly  stop  the 
flask  with  a  cork,  to  which  a  bent  glass  tube  is  adapted. 
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limb  of  the  tube  into  a  bottk 
filled  witli  cold  water.  Tlie  atrnoi* 
pheric  air  cod  tamed  in  the  flasic 
aiid  tube  first  passes  over^  followed 
by  a  very  oflensive  gas,  whk^h  dijj- 
solvea  in  the  water,  to  which  it  like- 
wise imparts  its  felid  odor  of  rotten 
eggs.  This  gas  i^  called  siiiphuretted 
hf^dmge^i.  The  deeonnKJSition  in  this  cu&e  is  similar  to 
tfmt  eflL'ctcd  in  the  preparation  of  hydrogen  from  iron 
(§  b4).  Water  is  decomposed,  its  oxygen  unites  with  the 

iron,  forming  protoxide 
of  iron,  and  thia  unites 
with  the  sulphuric  ncid, 
forming  green  vitriol; 
but  the  hydrogen  of  the 
water  escapes,  and  takes 
with  it  as  a  companion 
the  sulphur  contained  in  the  sulphiirrt  of  iron.  The 
light-,  gaseous  hydrogen  possesses  in  a  great  degTf?e  the 
power  of  rendering  other  bodies  aeriform  on  uniting  with 
them,  even  tliose  which  are  not  vohtlile  or  have  but  a 
tiUglit  tendency  to  become  so;  jnst  as  an  eloquent 
speaker  can  communieutc  hia  enthusiasm  to  a  henvy 
and  indiJTerenr  andienee*  Even  carhon^  which  has  never 
been  liquefied^  ih  converted  into  a  light  gas  when  com* 
bined  with  hydrogen,  as  in  illuminating  gas. 

\^' hen  the  disengagement  of  the  gas  censr^,  add  some 
diluted  sulphuric  acid  that  the  gasi  may  again  be  gt^nef^ 
ated*  The  water  is  known  to  be  satnrated  with  tlie  gas, 
when,  on  i*hakirig  the  bottle,  ilie  fjnj^'t*r  by  which  the 
opening  is  closed  is  no  longtr  sucked  in,  or,  more  cor» 
Ttjctly  speaking,  prcjtjHfd  iii ;  one  meaE^nre  of  wnliT  con* 
tains  two  and  a  ludf  measurcB  of  gas  in  a  fiatnmted 
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iolution*  It  is  put  up  in  small  well -stoppered  bottIeS| 
which  are  labelled  Ht/dro$ulphurk  Acid,  If  air  be  ad- 
mittedf  the  solatioo  becomes  turbid,  owing  to  the  oxy^ 

gen  of  the  air  uniting  witl 
the  hydrogen  of  the  sulphu 
retted     hydrogen,    fomaing 
water,  and  the  consequent 
liberation  of  the  sulphur  as 
a  fine  powder, 
Bi  during  the  evolution  of  the  gas,  the  bottle  of  wa- 
ter be  removed,  the  gas  issuing  from  the  tube  can  be 
Ignited  by  a  match ;  it  burns  with  a  blue  flamej  and 
its  nauseous  odor  is  no  longer  perceptible,  but  is  re- 
placed by  the  well-known 
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odor  of  burning  sulphur. 
Both  constituents  unite  with 
the  oxygen  of  the  air,  the 
sulphur  forming  sulphur- 
ous acidj  and  the  hyrirogeo 
water. 
The  inhalation  of  sulphuretted  hydrogen  is  detrimental 
to  health ;  hence  precautions  should  be  taken  to  avoid  it 
When  experimenting  with  itj  it  is  best  to  do  so  where 
there  is  a  free  circulation  of  air,  A  cloth  moi&tened 
with  a  little  alcohol,  and  held  before  the  mouth,  is  like- 
wise a  good  protection, 

Salphuretted  hydrogen  turns  blue  htmus-paper  red, 
it  also  combines  with  many  bases,  and  hence  it  is  an 
acid.  It  has  also  been  called  tJi/drolhiomc  Acid^  from 
two  G  reek  words ,  s  i  gn  i  fy  in  g  wa  ter  a  nd  su  1  (i  hu  r,  Th  us, 
oxygea  is  not  essential  to  the  acidity  of  a  compound, 
since  hydrogen  also  possesses  this  acidifying  principle ; 
but  the  latter  produces  acids  with  but  few  clementsj 
(K^hibt  oxygen  does  with  numerous  elements. 
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133.  Ezpcrimenis  With  Suiphurdirr^  ^^-^^^  iren 
Ea^eriment    tu  —  Drop  some  buJ^  i-bydrugrn 

water  upon  a  bright  eilvt^r 
or  ropjie?  coin,  and  up«m 
a  piece  of  lead  and  iron ; 
the  first  three  metals  tar- 
nish quickly,  ant]  finally 
become  black  ;  tUcy  coin* 
bine  with  the  snlphoTi  forming  a  dark  sulphur  metal, 
whilst  the  hydrogen  escapes;  the  iroHj  on  the  contrary, 
undergoes  no  change,  Pb  is  the  sjinbol  for  Ii^atl, 
plumbum, 

Mrperimeni  k — ^  Put  into  one  test-tube  a  small  poruon 

of  litharge,  into  anofbrr 
gome  ignited  iron-m.<(t^arid 
pour  upon  thrm  liquid 
Ditiia.  liydro^ul]>htuic  arid;  tbi 
yellow  litharge,  oxide  of 
lead,  becomes  immrdU 
ately  blacky  an  exchange  of  elements  takes  place, 
tlie  hydrosulphtiric  acid  gives  its  sulphur  to  the  lead 
of  the  litharge,  and  receives  in  return  the  - 
the  latter.  Accordingly,  Jf«//iAtffd  of  lead  .1 
arc  formed,  and  the  offensive  odor  disappears, 
%^pssel  (•"  -j;  the  iron-rust  neither  Ihr 

smell  is  ;   .     :  u^  — a  proof  that  no  chemii 
taken  place. 

F         'fit  c, — ^  Repeat  the  same  ' 
r«mui       ,      il  of  iugar  of  lead  instead  I  ^'  „  ,  aiiJ 

sonic  greet!  vitriol  instead  of   the  iron-mst,  togetber 
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ftult  will  be  the  eame  as  in  tbe  former  experiment    Su- 
gar of  lead  its  the  oeetate  of  the  oxide  of  lead;  tlm  \ 
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and  acetic  uid.      md  acetic  acid. 


of  lead  is  converted  into  sulphuret  of  lead,  which  sub- 
sides sooner  or  later  as  a 
black  precipitate.     When 
this  solution  is  extremely 
diluted,  it  is  only  colored 
brown.      The  acetic  acid 
is  set  free,  and  remains  in 
solution. 
Experimeni  rf.—  If  some  lime-water  or  soda  be  added 
to  the  vitriol  solution,  which  in  the  former  experiment 
lemained  unaffected   by  the  addition  of  sulphuretted 

hydrogen,  it  will  imme- 
diately assume  a   deep 
black  colon     The  added 
base  efiectSi  what  other- 
wise would  not  have  oe- 
curred,  a  combination  of 
th  e  su !  ph  ur  w  i  t  h  ihei  wn , 
and  for  this  reasonj  that 
the  new  base  itself  unites  with  the  stilphnric  acid  of  the 
green  vitrioL     The  sulphuric  acid  has  so  great  an  aOin- 
iiy  for  the  protoxide  of  iron,  that  it  will  not  part  with  it 
■  unless  in  the  presence  of  a  stronger  base,  %¥hich  the  lime 
'and  soda  have  proved  themselves  to  be.     Lime  is  oxide 
f  of  calcium,  and  is  represented  by  the  symbol  Ca  O* 

From  these  experiments  the  following  rules  are  de- 
rived :  — 

a,)  Sulphur  in  its  moist  state,  and  when  dissolved  in 
water,  has  a  very  great  aifinity  for  metals,  and  converts 
metaJs,  metallic  oxides,  and  salts  into  sulphur  metals. 

b,)   Most  of  the  metallic  snlphurets  arc  insolubh  in 

water;  hence  sulphuretted  hydrogen  is  peculiarly adapt- 

^led  for  precipitating  metals  from  their  solution,  so  that 

they  can  be  separated  and  collected  by  filtration.     If 
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sulphuretted  hydrogen  he  pas^d  through  a  soltitlon  of 
acetate  of  copper,  sulphuret  of  copper  will  h^  prei-ipi- 
tated,  and  can  be  separated  by  filtration  from  the  acid* 
All  the  siilphmets  do  not  possess  a  black  color ;  §ulphij 
ret  of  antimony  has  an  orange-red  t-olor,  sulphuret 
arsenic  a  yellow,  and  sulphuret  of  zinc  a  white  eolor. 
On  this  is  partly  based  the  application  of  snlphumiu-d 
hydrogen  as  a  re-agentj  that  isj  as  a  means  of  detecting 
many  metals.  Wine  containing  lead  is  blackened  by 
hydrosulphiiric  acid,  which  for  this  reason  is  called 
Hahnemann- is:  ivine-iesL 

c.)  Many  metals  are  precipitated  from  their  .solutions 
by  the  addition  merely  of  snlphnretted  hydrogen,  as 
sulphurcta;  for  example,  copper,  silver,  gokl,  lcad»  mer- 
cury, tin,  antimony,  and  arsenic  (these  are  called  eke* 
tro-nc^alive  bodie.^) ;  and  ot  Iters  are  not  preeipitated 
until  a  Btronger  biif^e  h  added ;  for  example,  iron,  yJnc, 
mangane&e,  cobalt,  and  nickel  (these  are  called  eleciro- 
posUive).  Sulphuretted  hydrt^gcn  may  accord  i  ugly  In* 
uaed  to  Bcparatc  one  class  of  raetaU  from  another ;  it  is 
therefore  an  important  means  of  aeparmtion  in  analytr 
ical  chemistry, 

134,  Hydros ulph  uric  acid  has,  as  alnrady  mentioned, 
the  formula  H  8,  which  indicates  that  it  is  composed  of 

e  atom  of  hydrogen  and  one  of  sulphur*  and  '  - 

ity  of  this  formula  to  that  of  water,  H  O,  is  r  ^  ^  .  t. 
Lead  paper  is  used  for  the  detection  of  sulphuretted 
livdrogeii,  by  which  it  ia  colored  brown  or  black.  It  is 
made  by  pa^s*ing  s^trips  of  paper  through  a  weak  sola- 
lion  of  sugar  of  lead  in  water. 

135*  It  ia  well  known,  that  during  the  dr  i- 

tion    of    animal  stuifsianiTiti    blood,   urine,  exn 
white  of  eggis  &o«,  a  putrid  odor  ii  evolved;    tbijf 
k  owing  to  sulpfaurcUed  hydrogen,  which  is  Jbnned 
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from  the  small  quantity  of  sulphur  contained  in  most 
animal  substances,  and  from  tlie  hydrogen  of  the  water, 
and  is  diflused  in  a  gaseous  form  in  the  afr.  It  will  no 
longer  appear  sb-angc  that  copper  vessels,  if  eacposed  to 
such  an  atmosphere,  will  tarnish,  become  brown,  and 
indeed,  finally,  black. 

136<  Sulphur  is  also  met  with  in  vegctohk  substances, 
particularly  in  the  Icgximinous  plants,  —  peas,  beans, 
&C.J  —  and  in  some  acrid  plants,  such  as  mustard  and 
horseradish.  If  these  are  suffered  to  decay,  sulphu- 
fetted  hydrogen  is  evolved  from  them, 

137-  Finally,  it  remains  to  be  stated  that  this  gas  oc- 
^eurs  also  in  some  mineral  ipaters^  as  may  be  recognized 
[by  the  smell  and  taste*  Many  of  these  springs,  for  in- 
stance, the  celebrated  springs  of  Aix-la-ChapcUe,  arc  re- 
sorted to  by  invalids,  and  are  called  sttlphur  spring'g. 
A  rotten  wooden  pump  or  log  would  convert  an  other- 
me  potable  water,  if  it  should  contain  gypsum,  into 
a  nauseous  sulphuretted  water;  by  removing  the  rot- 
ten pipe,  the  water  will  again  become  odorless  and 
potable. 

SELENIUM  CSj). 

Selenium  is  an  element  which  has  a  great  resem* 
bianco  to  sulphur.     It  is  of  rare  oeeurrcnce,  and  is  con- 
Itainod  in  the  red  matter  deposited  from  certain  varieties 
>f  sulphuric  acid,  especially  after  the  acid  has  been  di- 
luted with  water. 

PHOSPHOHUS  (P). 
At.  Wt*  =  400.  —  Sp.  Gr.  =  1 J5. 

138,  Great  care  is  required  in  experimenting  with 
phosphorus,  that  it  does  not  take  fire  at  an  unseason- 
able momenti  as  it  contiimcs  biurning  with  tlic  greatest 
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violence,  and  might  occasion  dangerous  wounds.  It 
may  catcli  fire  even  when  lying  upon  blotting  paper,  par- 
ticularly in  summer-time 3  or  by  the  Iicat  of  the  finger. 
Hence  it  must  be  kept,  and  also  cut,  under  water.  On 
being  taken  from  the  water,  it  sJiould  be  held  by  a  pair 
of  force psj  or  be  stuck  on  the  point  of  a  knife.  Pru- 
dence also  would  dictate  to  experiment  with  small  quan- 
tities only  at  a  time^  and  to  have  a  vessel  of  water  ia 
readiness,  in  wliich  it  may  be  quenched  in  case  it  should 
catch  fire. 

139*  Phosphorus  is,  in  its  properties,  closely  allied  to 
sulphur,  but  it  has  an  incomparably  more  irritable  tem- 
perament. Sulphur  may  be  regarded  as  the  phlegmatic 
brother  of  phosphorus.  Phosphorus,  like  sulphur,  meltsj 
bolls,  evaporates,  and  burns,  but  far  more  easily  and 
rapidly.  In  winter  it  is  brittle,  in  summer  flexible  as 
wax*  When  pure  and  freshly  prepared  it  is  colorlesS| 
but  after  a  time  it  becomes  yellow,  and  coated  over 
with  a  hydrated  white  crust 

Phosphorus  is  insoluble  in  water,  but  soluble  in  ether, 
alcohol,  sulphurct  of  carbon,  and  oils. 

Phosphorus  is  an  exceedingly  yioleni poison,  and  is  for 
this  reason  frequently  employed  for  the  extirpation  of 
rats  and  mice.  The  rat  electuary,  so  called,  (phosphorus 
dougli,)  is  composed  of  1  dram  of  phosphorus,  8  ounces 
of  hot  water,  and  8  ounces  of  flour.     (See  p<  682.) 

140.  Experiments  with  Phospkonts, 

Krpcriment  tL —  I*ut  into  a  small  flask,  first  a  quarter 
of  an  ounce  of  ether,  then  a  piece  of  pho.spliorus,  of  the 
size  of  a  pea.  Cork  the  flas^k  and  let  it  stand  some 
days,  frequently  shaking  it.  Decant  the  liquid;  it  con- 
tains in  solution  about  one  grain  of  phosphorus,  and 
Vfili  serve  for  the  following  experiments. 

Ejg)erimeni  b.  —  Pour  some  drops  of  this  solution 
tlie  bandy  and  rub  them  quickly  together;  the 
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her  will  cTapomte  io  a  few  raomcnt*,  but  the  pho® 
phorus  will  rt-maiii  opon  the  hsjids  in  a  elate  of  mi 
uuteet  dmsion.  The  mon.-  finely  it  is  divided,  so  much 
the  more  easily  does  it  cutnbine  with  the  oxygen  of  tbe^ 
air.  During  this  combiiiaUon  it  dijfuses  a  white  smoke 
ami  ft  slrtrng^  lii^ltt  (it  phosphoresces),  cansing  the  haiula  , 
to  shine  in  the  dark;  hence  it^  umnt%  pko.sphorm^  from  ' 

If,  lig/U^  and  ^/wtn  to  carri^.  On  rubbing  the  hands  tliia 
Bght  beconici*  more  vivid,  as  a  fresh  surfiice  of  phos- 
phorus ii5  thus  continually  presented  to  the  oxygen  of 
the  ain     The  heat  thus  evolved  b  too  fetible  to  oc^^^ion 

lition,     This  oxidation,  taking  place  at  a  low  temper*  , 

3re,  isi  cEi!h*cI  shnv  comhthUkm,  Tlie  hands,  daring  the 
phoRphoreftcv^nee,  have  an  alliaceous  smcUj  and  impart 
at  the  P^me  time  a  sour  tnstc  to  th"  .as  the  com- 

bination of  the  oxygrn  wilh  the  pi^     ^  •.  la  an  acid; 

it  ifl  called  phosphorous  ^m  iV/,  and  conaists  of  one  atom  of 
phosphoru.«i  nnd  three  ntom^  of  oxygen.     When  a  target  j 
qnannty  of  acid  is  retiuiredj  put  a  sjtiek  of  pho.^phoriitf 
into  a  [kiijk,  and  let  ft  remain  in  the  ix'llar  until  the  phoi* 

ionis  h  converted  htfo  a  i    '     "     -  acid  lit|uiil*     Apor^. 

m  of  the  phoE*phorous  a*: ;  i  rcpared  takes  up  yet  i 

mure  oxygen  rtnd  beeomeii  pho:^pIioTie  add",  aeeordinglyi 
the  lii]nid  tlnis  obtained  h  a  mixture  of  ihene  two  acida, 

Kj-jirrimrni  r. —  Moigtten  a  lump  of  s«ugar  with  the 
flolntion  of  phosphortis,  and  throw  it  into  hot  water. 
The  heat  of  llie  Im  '  ^^  iliitpa  the  ether  and  the  ph09-. 

phorns,  both  of  wti  to  the  surfuee  of  the  wate 

and  then*  inllnme  spontaoeoiisly  on  comtug  in  contact 
'  n  of  the  Tiir*     The  cornbuHtion   in  tiiisJ 
uid  complete.     The  |jho^i»horus<  txikes  upl 
m  liir^T  c}tumtitv  of  oxvgrtit  one  atom  of  It  unitinir  with 

fi  '       V  ^ 

*^     ,    ^  -  ^  -     -  -  -.  -  .     ^       '   -         .       .  "" 
Dmt  is,  witfi  a  Hajue,  as  bas  alrcaily  been  explained. 
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Mrperiment  d,  —  Pour  some  of  *he  ethereal  tiolttfinn 
of  plwsphonis  upon  fine  blottrng-piiprr;  tlit;  latter  ^* 
niies  spontaneousit/  after  the  ether  has  evaporated.  The 
more  minutely  the  phosphorus  m  divided,  so  mtich  the 
Oiore  readUy  it  begijia  to  burn* 

Estperiment  e,  —  Put  a  piece  of  phosphorus  of  the  ai^ae 
of  a  pea  oil  blotting-paper,  and  sprinkle  over  it  some 
soot  or  pulverhed  chfircoal ;  it  meltB  after  a  while,  and 
spontaneously  \nflaim$*  The  finely  pulverized  charcoal 
causes  this  combustion,  owing  to  its  porosity.  It 
eagerly  absorbs  oxygen  froni  the  air,  imparta  it  again  to 
the  pliosphoniSi  and,  being  also  a  non-condoct«r,  tho 
cooliiig  of  it  is  prevented. 

141*  Phosphorus  is  also  eadly  ig7iitcd  byfridmn^  and 
i»,  for  this  reason,  employed  in  the  manufacture  of  fric- 
tion-matches. The  combustible  mass  is  prepared  from 
hot  mucilage  (70^  C),  to  which  small  pieces  of  phos* 
phorus  are  added,  beiug  thoroughly  incorporated  with  it 
by  constant  rubbing  till  cokt  But  as  tlic  mass,lx*oom* 
ing  hard  on  drying,  would  prevent  the  admiasion  of  air 
to  the  phosphorus^  there  mast  be  added  some  sitbstaucc 
rich  iJi  oxygen,  as  black  oxide  of  raangane^c,  nitre,  vt 
red-lcadj  from  which  the  phospljonis  can  abstract  the 
oxygen  necessary  for  its  ignition.  IJ  parts  of  phQ»» 
phorus,  4  of  gum  Arabic,  4  of  water,  2  of  nitre,  and  2  of 
red4eud,  form  a  good  iiiflaniTnable  mass.  A  tempera* 
tare  of  65-70^  C.  is  requisite  for  kindling  matches 
{\  113);  in  this  case  the  tennjcmture  lis  caused  by  Iric- 
tiou*  The  coating  of  the  match  w  thua  broken  and 
Idndicd,  and  the  eonUnued  burning  \»  now  maintained 
by  the  oxygen  of  the  air. 

143.  KipfTim^nL  —  Put  a  piece  of  pho»ipboFD%  of  the 
size  of  a  pea,  into  a  ^iiie-gta^;  ami  pour  hot  water  uptm 
it,  until  thii  iilit-^%  iH  lialf  (illed:  S 

bat  docfl  not  i^itc,  aa  aeces6  ol  ;i»  .«  i-^ ^  *  ^  -*^ 


water*  But  if  air  be  carefully 
blown  by  the  moath  through  a 
long  glass  tube  upon  the  bottom 
of  the  wine-glass,  a  combustion 
will  ensue  which  is  vitslblej  ei^pe* 
dally  in  the  dark.  The  phos- 
phorus enters  at  once  into  oxida- 
tion, but  Willi  the  formation  of  a 
lower  compound;  it  swims  as  a 
red-hot  powder  in  the  liquid,  and 
is  called  oxide  of  phosphorus^  con- 
taining for  every  two  atoms  of 
phosphorus  only  one  atom  of  oxygen* 

143,  EjcpermtenL  —  We  obtain  the  same  combina- 
tion by  gently  heating  a  piece 
of  phosphorus  of  the  size  of  a 
pea,  placed  in  the  middle  of 
a  glass  tube,  about  twelve 
inches  long*  When  ignltioa 
commences,  remove  the  lamp. 
While  the  tube  li  held  hori- 
zontally, the  combustion  is  fee- 
ble and  imperfect^  because  the  hca\'y  smokcj  consist- 
ing of  phosphoric  and  ]ihosphorou;s  acids,  passing 
oil'  slowly,  allows  the  admission  of  only  a  small 
quantity  of  air.  Some  red  oxide  of  phosphorus  is 
also  deposited  on  the  upper  part  of  the  tube.  But 
the  combustion  becomes  at  once  more  vivid  by  in- 
clining the  tube,  and  when  the  tube  is  held  perpen- 
dicularly it  is  complete,  as  then  the  draught  of  air 
is  most  powerfuL  In  this  way  phosphorus  may  be 
oxidised  to  cither  degree  required;  it  must  be  slowly 
burnt  to  form  phosphorous  acid,  imperfectly  to  form 
oxide  of  phosphorus,   and  completely    to   form   phos- 


1*1 


IIBTALLOIDS. 


.  &«-" 


Pboxphmic 
acid. 


phoric  acnK      The  experirneiit  is  also  wdl  adapted  fa 

illusti'atiijg  liic  jjriiiciplc  of  tlmughla  in  chtraneyt*, . 

(Mil). 

144,  Phospborcs  was  formerly  obtaiiiej  from  urine, 
and  is  now  univeraally  prepared  from  bones,  Boae^ 
consist  of  gektinej  lirne^  and  phosphoric  acid  (P  OJ* 

The  gelaline  is  removed  by  Kaleining  the  bones^  It 
h  bnniL 

The  lime  is  removed  by  sulphuric  aeid*  Sulphate  of 
Unje  is  formed* 

The  ox^f/g'tn  (O,)  is  expelled  by  igniting 
tlie  bones  with  chareoal  (carbonic  acid 
gas  is  di*Hcngaged)* 
Pho&phoniB  (P)  remains  behind* 

As  phosphorus  ib  volaiLle  and  highly  inflammtiWe, 
the  phosphoric  acid  and  eharcoal  are  heated  In  a  < 
ve^yel,  eomnionly  in  an  earthen  retort^  the  beak  of  wiiua 
dips  undiT  water  eontained  in  the  basin,  where  the 
vapor  of  phosphorus  m  to  be  condensed*  This  proecus 
is  aecordiagly  one  of  diHtflhitioii.  The  carbonic  «»xid« 
together  with  some  phoHphuretted  hydrogen  and 
bnretted  by<hrogen  gas,  escapes  through  the  water. 

Charcoal,  at  a  gSowrng  heat,  lias  the  power  of  ab-"* 
eting  oxygen  from  ahuost  all  aeids*  and  l>ases,  as  in 
ihb  r;isc  from  pho.Hjihom^,  or,  chcrnieatly  hpeaking^  io 
deoxidale  or  reduce  thrm;  thus  carbonic  oxide  (C  OJ 
wltieb  egirnp(*s,  i**  fonned  frenn  carbon  and  oxygrr 
AhnoKt  al!  nielal:!*  are  obtained  from  nati%*e  metullic 
ojudeg  or  ores,  by  heating  them  with  eharccid. 


^PKra 


niosriiimETTEB  hydhocen  (P  u^. 
11^     *  ;/  —  Pnt  ^     '  M 

ofanr  "d  lime,  ,  ,        ,  al 

iizc  of  a  pen,  fill  it  up  to  the  aeck  ^-ith  watcf,  and  plueo 
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it  in  a  small  vessel  containing  a  strong  solution  of  salt, 
reparcd  by  adding  half  an  omicc  of  salt  to  an  ounce 

and  a  half  of  water. 
Fit  to  the  flask  a 
bent  gla^s  tube,  one 
end  of  which  is 
made  to  dip  into 
a  basin  of  water ; 
heat  the  salt  water 
to  boilingj  and  a 
gaB  will  be  evolved, 
bich,  as  it  issues  from  the  tube  and  cornea  in  contact 
ijtb  the  air,  inflames  sponlaneomif/.  This  gas  is  called 
'fl^phureUed  hifdrogen^  and  consists  of  several  combi- 
nations of  phosphonis  and  hydrogen j  chicHy  of  P  H3, 
If  you  collect  it  in  a  small  jar  filled  wth  water,  it  im- 
mediately ignites  upon  the  admission  of  air.  Both  the 
hosphorus  and  the  hydrogen  combine  with  the  oxygen 
of  the  air,  and  there  results  phosphoric  add  { P  O^)  and 
water  (3  II O)*  The  first  rises  a^i  a  white  smoke,  and 
the  gas,  as  it  issues  in  separate  bubbles  from  the  water, 
takes  the  fonn  of  a  ^\Tcath,  Phosphuretted  hydrogen, 
when  miburnt,  emits  the  smell  of  garlic. 

J 46.  Li  the  preparation  of  sulphuretted  hydrogen 
{§  132),  the  iron  deprived  the  water  of  its  oxygen,  and 
the  sulphur  took  the  liberated  hydrogen.  What  these 
two  substances  together  accomplish,  phosphorus  can 
eflect  alone;  it  abstracts  from  the  water  both  its  oxy- 
gen and  hydrogen,  and  it  divides  itself  between  the 
elements  of  the  water-  Phosphoais  forms  with  oxy- 
gen two  acidie,  phosphoric  nod  !iy|]iophQ^phorous  acids, 
which  remain  behiud ;  but  it  fonns  with  hydrogen  a 
volatile  ga,seous  combinatitm,  which  escapes.  Phos'- 
phoru5,  however,  can  oiJy  etfcct  this  in  the  presence  of 
a  silrung  ba^e,  for  instance,  liincj  with  whiciv  Uvi  -Hi^^x^^ 
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composed  of  phosphorus  and  oxygen  combine-  Tlmsj 
lime  does  not  directly  aid  in  the  decomposition  of  water, 
but  it  encourages  the  phosphorus  to  exert  more  power 
and  activity.  The  lime  would  gladly  have  combined 
wii  h  acids^  but  there  are  none  present ;  they  may,  how- 
ever, be  formedj  if  the  phosphorus  abstracts  the  oxygen 
from  the  water.  Tills  does  take  place,  and  we  can  say 
the  lime  urges  on  the  phosphoru-'?,  —  disposes  it  to  de- 
compose the  water,  in  order,  as  it  were,  to  9atii>fy  its 
own  eagerness  to  unite  with  an  acid,  Thua  is  defined 
the  name  which  this  kind  of  alfmity  has  received;  it  is 
called  disposii^  affinity.  This  term  expressc^s  an  affiii- 
ity»  an  eager  desire  to  combine  with  a  body  not  yet 
existingj  but  which  body  may  be  formed  from  the  ele- 
ments present,  and  w^hich  is  in  reality  formed  in  conse- 
quence of  this  desire. 

147*  If  we  now  reflect  upon  the  processes  of  prepar- 
ing hydrogen  {\  84)  and  sulphuretted  hydrogen  (§  132), 
we  shall  see  that  in  both  of  these  instances  a  disi>osing 
affinity  is  also  exerted.  But  the  impelling  body,  in 
these  instances,  is  an  acid,  —  the  powerful  sulphuric 
acid*  This  acid  has  a  strong  desire  to  unite  with 
a  base,  and  it  urges  the  iron  to  convert  itself  into  a 
base,  which  is  readily  accomplished  when  the  iron  com- 
bines with  the  oxygen  of  the  water.  The  other  ele- 
ment of  the  water  is  thereby  set  free,  and  escapes  as  a 
gas,  ill  the  first  case  alone,  in  tlic  second  accompanied 
by  sulphur,  which  the  iron  releases  at  the  roameut 
when  it  combines  wth  the  oxygen,  for  which  it  has  a 
preference* 

148*  It  may,  perhaps,  be  asked  why  the  sulphuric 

acid  did  not  immediately  combbie  with  the  metallic 

iron,  or  the  lime  witli  the  phosphorus ;  this  could  not 

+«ike  place,  as  simple,  substances^  with  but  few  exceptions^ 

Vme  anlf/  with  simph  ones^  and  compound  only  with 
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compmiml  substances,  He^nce  the  compound,  sulpharic 
acid,  cannot  combine  wdth  the  simple  element^  iroa,  but 
can  combine  with  the  compoundj  protoxide  of  iron. 
Neither  can  the  coin  pound,  lime,  enter  into  combinntiou 
with  simple  phosphorus;  but  it  will  do  so  immediatt^y, 
when  phosphorusj  by  combining  with  oxygeiij  becomes 
a  compound  body. 

149*  In  the  last  experiment,  the  tiask  was  placed  in 
salt  water,  in  order  to  guard  against  the  ignition  of  the 
phosphorus,  in  case  the  flask  should  accidentally  break. 
Salt  water,  at  the  strength  specified,  will  not  boil  imder 
109^  C. ;  consequently  the  boiling  in  the  flask  is  more 
active  tliau  if  it  had  been  placed  in  pure  water,  the 
temperature  of  which,  under  ordinary  pressure,  can 
only  be  raised  to  100^  Ci  The  apparatna  for  heating 
substancca  by  means  of  hot  water  or  saline  solutions, 
is  called  a  icater  or  saline  balk*  By  such  eontrivanees 
extracts  are  evaporated,  and  substances  dried,  which,  at 
a  stronger  beat,  would  easily  burn,  or  be  otherwise  de* 
I      composed 

^H»  Phosphorus  and  sulphur  are  especially  characterized 
by  their  great  inflammability ;  hence  they  may  be  called 
piffogenSii  QT  fire^generators. 


eetrosfect  of  the  fyeogens  (sulphub  akd 
phosphorus;. 


k 

1.  Simple  bodies  combine  only  with  simple  bodies, 
compound  only  with  compound  bodies. 

2,  In  order  that  tvvo  bodies  may  act  chemically  on 
each  otlier,  one  of  them  must^  as  a  general  rulcj  be 
liquid  or  gaseous- 

12* 


» 
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3.  When  a  body  is  ♦suddenly  precipitated  from  its 
liquid  or  gaseous  state,  as  a  solid,  it  is  then  obtained  aa 
a  fine  dast  (milk  ofsidphor  and  flowers  of  stilphur)* 

4,  All  finely  divided  and  porous  bodies  eageriy  ab- 
sorb gaseS|  and  condense  them  within  their  pores  j  in 
many  cases  this  is  done  so  powerfully  as  to  force  the 
gases  into  chemical  combinatiou  (spongy  platinum, 
chareoal). 

5,  An  incmnphte  combustion  or  oxidation  takes  place 
when  the  supply  of  air  is  deficient ;  a  slow  combmiwn^ 
when  substances  combine  with  oxygen  at  the  common 
temjjeratures ;  but  a  complete  and  rapid  combustion^ 
when  the  union  takes  place  at  a  high  temperature,  and 
with  an  abundant  and  constant  supply  of  air.  In  the 
two  former  ca;?es,  lower  degrees  of  oxidation  are  fomied| 
and  ill  the  latter,  higher  degrees  of  oxidation, 

6.  In  chemical  reactions  the  right  of  the  slrongeH 
prevails;  a  stronger  chemical  substance  can  expel  a 
weaker  from  its  combLnaiion,  and  replace  it  This  la 
called  decomi>ositton  by  simj/le  elective  afflmly. 

?•  Decomposilion  by  double  affinity  takes  place  when 
two  combinations  ftiutuaUy  ejcchange  ehrments. 

8»  If  a  single  or  double  elective  alBnity  is  caused  by 
the  presence  of  a  third  body,  commonly  a  s?trong  acid  o^ 
a  strong  base,  it  is  called  disposing  affinity, 

9*  Deoxidate^  tlie  opposite  of  oxidutc^  is  a  term  ap-~ 
plied  to  the  deprivijig  compounds  of  their  oxygen. 

10.  In  order  to  detect  a  chemical  substance,  and  to 
separate  it  from  othL^rs,  the  solution  of  it  i^  mixed  with 
reagenlSy  that  is,  with  such  bodies  as  form  with  it  an 
insoluble  compound  (precipitate),  or  change  its  color, 
smell  J  &c*;  ^wih  changes  are  called  reactions^ 

IL  Taste  is  perceived  oidy  iu  soluble  bodieB,  odor 
only  in  volatile  ones. 


CHLOEIKE  (CI), 
At  Wt  =  443,  —  Sp.  Gn  ^  2J. 

150.  Ei-perimenL  —  Pour  one  ounce  and  a  half  of 
muriatic  acid  upon  a  quarter  of  aa  ounce  of  finely 
powdered  black  oxide  of  mangane&e,  and  heat  it  grad* 

ually  in  a  flask^  to  which 
ii  adapted  a  bent  glasa 
tube;  a  yellowish-green 
gas  is  disengaged,  which 
is  collect (j'd  by  a  process 
already  described.  This 
gas  is  called  chiorme 
(from  x^^P^h  g^^^f^)^  ^^• 
cause  it  has  a  greenish 
color.  Fill  with  it  several 
six-onnec  bottles  of  white 
glass,  and  cork  them  up. 
Fill,  likewiscj  a  bottle 
with  two  thirds  of  chlorine  and  one  third  of  water,  and 
shake  it  up;  suction  is  exerted  upon  a  finger  which 
< '  ■ '    mon t h  of  it, — a  proof  thai  a  vacntini  has  been 

r  lid.     If  the  fuiger  be  removed,  the  air  rushes  in 

at  once.  This  vacuum  ^^"as  caused  by  the  chlorine 
having  been  dissolved  in  the  water,  \vbich  may  be  in- 
ferred also  from  the  disappearance  of  the  yellow  color 
in  the  vacant  space  of  the  bottle.  One  measure  of 
water  dissolves  two  measures  of  chlorine.  This  sohi- 
iion  is  called  chlorine  v^aier* 

Mtututic  iicid,  w^hich  is  ueuaUy  prepared  from  com* 
ft  salt,  is  a  c«~*^  ^n  of  chlorine  and  hydrogen^ 

d  bclotiffd  tu  tlj  4  hydrogeii  acids;  if  it  be  de- 


140 


METALLO]Dd» 


prived  of  llie  hydrogen,  the  cliloriiie  h  set  free-  This 
U  done  in  the  fullowing  manner*  When  muriatic  acid 
ia  added  to  hyperoxide  of  mangmnese  (Mn  OJ,  the 
oxygen  of  the  manganese  takes  from  the  muriatic  aeltl 
its  hydrogen,  and  waier  is  formed,  but  simukaneous- 
ly  also  hyperchloride  of  manganese  (Mn  CU),  from  the 
liberated  manganese  and  chlorine.  The  hyperchloride 
of  manganese,  however,  loaes  at  a  very  gentle  heat  half 

of  its  chlorine,  just  as  the  oxy- 
Fi^id.  gen  escaped  from  the  hyper- 
oxide of  manganese  at  a  glow- 

Fluid  ^"6  ^^^^*  ^^^y  ^^  ^^^^^  **  ^^^ 

more  readily.  From  liyper* 
chloride  of  manganescj  there  Is  accordingly  formed  pro- 
tochloride  of  manganese  and  free  chlorine,  the  lattjer  of 
which  escapes  as  a  yellowish  gas.  Mil  0%  is  resolved 
int^  Mn  Ci  and  CI, 

If  the  oxygen  of  tlie  manganese  is  previously  expelled 
by  heatj  and  then  conductpd  into  muriatic  acid^  it  no 
longer  possesses  the  power  of  withdrawing  from  the 
acid  its  hydrogenj  and  consequently  no  chlorine  will  be 
evolved.  Oxygen  has  this  power  only  at  the  very 
moment  when  it  is  separating  from  its  combination 
with  another  body,  that  is,  in  its  niucciU  stale.  When 
actually  liberated,  it  has  far  l*:'^9  inclination  to  aban* 
don  its  freedom*  This  pecuiiarlty  appertains  to  other 
elementsj  and  it  is  often  taken  advantage  of  to  force 
into  coin'  i   such  bodies  ns  have  but  sli  '  t* 

ityforot!  L's,  and  which  comhiiiiition  ,  s 

have  been  effected  in  a  direct  way. 

Chlorine  m  not  only  obtained  bom  m  -t, 

from  all  bodies  wlijch  paH  easily  wilh    t  ^^  n, 

as,  for  instance,  chlorate  of  potansat  red  lend^  &ie^  by 
heating  them  with  muriatic  ncid. 
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15L  Muriatic  acid  derives  its  chlorine  from  comtxioa 

t,  more  than  half  of  whieh  conaists  of  chlorine ;  con- 
ntly,  thia  gas  may  be  also  obtained  from  salt  by 
g  three  fjQjirters  of  an  ounce  of  it  with  half  an 
ounce  of  black  oxide  of  manganese,  two  ounces  of  sul- 
phuric acid,  and  one  ounce  of  water,  and  heating  them ; 
by  adding  »ulphnric  acid  to  the  naif,  muriatic  acid  ie 
formed,  and  set  free,  and  this  is  decomposed  by  man- 
gnfH**iL%  in  the  way  already  uientioneA 

OhJorine  acts  as  a  pahon  ou  being  inhaled;  hence 
care  mmi  be  taken  noi  to  inliale  it  while  operating  with] 
it>  For  greater  security  pour  some  drops  of  alcohol  an<ll 
ammonia  upon  a  cloth  and  %viive  it  frequentiy  in  thei 
air;  the  chlorine  contained  in  the  air  will  then  be  m\ 
altered,  that  it  will  lose  its  injurious  properties. 

15%  KrjK*nmenfs  tmth  Chlorine* 

Exptrimrni  a. —  In  order  to  recognize  the  odor  ol 
chlorine,  smell  cautiously  chlorine  w^ater  (but  not  the 
gas)*,  Ihe  chlorine  wntr*r  mny  be  tasted  also  without 
danger*  The  smell  of  chlorine  is  peculiarly  pungent 
and  iuflbcatingt  and  it  has  a  harsh^  styptic  taste. 

Experiment  L — ^  If  a  flask  containing  chlorine  gas  ba"* 
exposed  to  the  aifj  no  diminution  of  chlorine  will  be  per- 
rf  ptible  ;  but  if  the  flask  be  inverted  it  will  contain  in  a 
short  time  only  atmospheric  air.     Chlorine  is  two  and 
a  half  times  heavier  than  commoii  air,  and  its  specific 

^  ,  >t€Hie. —  Introduce  a  piece  of  litraus-paper  into 
chlorine  gas,  and  it  becomes  white;  pour  chlorine  water 

tttpon  red  winc^  or  tnk,  and  both  the  liquids  will  lose  their  J 
w!ar.  Chhritui  bkackes  ami  drsiro^s  all  colors  dmred] 
from  the  animal  or  vegetable  kingtionu  In  consequencof 
of  lliiH  i»ropcr1Vi  chlorine  has  brcome  a  most  imporJant 
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materials,  may  now  bo  Tendered  perfectly  white  by  if  tn 
a  few  hours;  while,  by  the  old  method  of  laying  them 
on  the  grass  in  the  son,  wecksj  and  even  months,  weie 
required  for  eflecHng  it  This  method  of  bleaching 
is  called  qitk-k  bleaching-^  the  other  is  called  grasf* 
bkaching.  The  modern  method  is  very  excellent,  and 
does  not  in  ihclea^t  injure  lire  strength  of  the  fabric, 
provided  all  tlio  chlorine  be  completely  removed  again 
after  the  bleaching  is  finished,  which  is  not  so  easily 
done  as  many  bleachers  suppose*  If  this  precaution  in 
not  observed,  or  if  the  chlorine  water  is  too  strong  or 
in  excess,  then  indeed,  after  the  color  is  destroyed^  the 
fibres  of  the  yarn  or  ftibric  itself  will  be  attacked.  The 
fault  is  not  to  be  attilbuted  to  the  chlorine,  but  rather 
to  the  injudicious  application  of  it  A  salt  has  lately 
been  introduced  into  commerce,  iindcr  the  name  of 
antichlorine,  by  means  of  which,  if  any  chlorine  should 
happen  to  remain  in  the  bleached  materials,  they  will 
not  be  in  the  slightest  degree  injured  by  it  As  tite 
health  of  the  laborers  is  endangered  by  the  use  of  chlo- 
rine gas  or  chlorine  water,  chloride  of  lime  Is  now 
substituted^  a  salt  irj  which  chlorine  h  chemically  cora- 
bined,  but  from  which  it  may  be  easily  disengaged  on 
mere  exposure  to  the  air, 

E:tjferlment  d,  —  Apply  chlorine  -wnater  to  decaying 
and  nauseous  substances  (water  from  flowcr*pot»^  ma* 
nure,  rotten  cgg^  &c.) ;  tlio  bad  odor  will  at  onee  en» 
tirely  vanish*  Thus  it  not  only  decomposes  colors,  but 
abo  the  volaiiie  comfHnatifnis  formt^d  during  decay,  cmd 
which  occasion  disagreeable  odors.  It  acts  in  a  similar 
manner  ako  upon  inorbilic  matter  (malaria,  mtiuim), 
which,  being  diflnsed  in  the  air  or  attached  to  clotlteA 
and  beds,  may  communicate  dim?asc  Chloriue  b  ihoti* 
fi>re  a  powerful  dhinfeciinff  ag^^  nnd  ia  used  for  pirn* 
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fying  all  morbid  matter  and  infected  atmosphepeSj  and 
for  arresting  the  decay  of  organic  substances.  Musty 
casks  may  also  be  purified  by  wasliing  them  first  with 
chlorine  water,  and  then  with  gome  milk  of  lime. 
Mouldy  cellarsj  in  which  milk  or  beer  cannot  be  kept 
without  turning  sour,  are  again  rendered  serviceable  for 
a  long  time  by  fumigating  them  with  chlorine  gas,  or 
by  washing  them  with  chlorine  water,  or  a  solution  of 
chloride  of  Ume, 

Eiperimeni  e.  —  Fill  a  small  flask  with  chlorine  wa- 
ter, and  invert  it  in  a  vessel  filled  with  water ;  if  this  is 
put  aw^y  in  a  dark  place,  it  remaind  unchanged ;  but  if 
it  is  exposed  to  the  sun,  a  colorless  gas  will  coUect  in 
the  upper  part  of  the  flask j  in  which  a  glowing  taper 
w^ll  inflame ;  this  gas  is  oxygen.  After  some  days  the 
water  will  entirely  lose  its  chlorine  odor,  and  will  have 
acquired  a  sour  taste,  and  instead  of  bleaching  blue 
litmus-paper,  it  will  redden  it  Three  elements  only 
were  present,  the  constituents  of  water  and  chlorine ; 
thus  it  is  obvious,  that  the  chlorine  must  have  united 
with  the  hydrogen  of  the  water  to  form  mm^iatic  acid,  the 
oxygen  being  set  free.     Chlorine  had  here  the  choice 

between  hydrogen  and 
oxygen  f  it  chose  the  far- 
mer ;  it  has,  consequent- 
ly* ^  greater  affiniijf  for 
hydrogen  than  for  oxygen* 
This  affords  another  ex- 
ample of  simple  elective  affinity*  The  chlorine  water 
should  therefore  be  protected  from  the  lights  and  tills 
can  be  most  conveniently  done  by  pasting  black  paper 
round  the  vessel  containing  it 

The  bleaching  and  disinfecting  power  of  chlorine  is 
now  easily  explained  by  its  strong  affinity  for  hydrogen. 
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All  animal  and  vegetable  substances  contain  hydrogen^ 
which  is  taken  from  them  by  chlorine.  But  if  a  ^'m* 
gle  ehemical  pillar  falls,  the  whole  chemical  structure 
tumbles  with  it  By  the  abstraction  of  the  hydrogen 
the  coloiiDg  matter  becomes  colorless,  the  odorous  prin* 
ciples  scentless,  the  morbific  matter  innoxious,  inioluble 
substances  are  very  frequently  rendered  soluble^  &«. 
Krperimenif,  —  Dissolve  in  a  test-tube  a  small  quan- 
tity of  green  vitriol  (Bulphatc  of 
e^^i*^  iron),  in  cold  water,  and  add  U 

^^^^  the  solution  a  few  drops  of 


eul- 


EarruJAi  la 


-nso. 
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phnric  acid ;  then,  some  chlorine  water ;  the  solution  wil 
immediately  assume  a  yellow  color.     In  this  case, 
the  water  Is  decomposed;  the  hydrogen  passes  to  tl 
chlorine,  but  the  oxygen  is  not  liberated,  since  it  here 
meets  with  a  body  which  already  contains  oxyr'"  *  "t  j 
which  id  capable  of  receiving  still  more,  namclv, 
idc  of  iron*     This  becomes  more  highly  oxidized,  an« 
Uie  yellow  liquid  now  contains  sulphate  of  sc^quioxldl 
of  iron*     Consequently  we  have  in  chlorine  water 
powerful  oxidizing  agent^  by  means  of  wbicb  wc  mm 

s»ily  convert  protoxide  salts  into  salt*  of  the  Bestjut* 

idc  or  peroxide. 

^rperimtni  g*  —  Put  into  chlorine  water  some  purt 

\     '';  it  will  Booii   ''  .t       iiupleelcmcE 

.^mbincs  witii  ;   gold.     Ilil 

eombinatioii  is  called  chloride  of  gold;  it  is  Miluble  in 


Llorine  fias  a  very  gr^at  fendemcy  to  combine 
ftith  iJi€  meiais^  These  eombinatioiis  comport  th era- 
selves  Uke  salts;  tbey  am  called  chiarine  meiah^  and 
most  of  them  are  soluble  in  water. 

Experiment  k, —  Pour  into  a  vessel  filled  with  chIo»^ 
line  gas  a  little  metallic  antimony,  in  fine  powder ;  it 
will  fail  in  a  glo\iing  state  to  the  bottom ,  as  thongh  it 
were  a  shower  of  fire*  The  fire  is  caosed  by  the  violent 
combination  of  the  chlorine  with  the  antimony*  The 
white  smoke  which  fills  the  flask  is  the  new  combina- 
tion formed,  viz*  chloride  of  antimony.  If  a  fine  brass 
wire,  on  which  a  piece  of  tinsel  has  been  fastened,  be 
introduced  into  chlorine  gas,  the  wire  will  bam  with  a 
vivid  combustion,  and  with  the  emission  of  gparks. 
Here  combnstion  means  the  same  as  a  combination 
with  chlorine-  Bmss  consists  of  zinc  and  copper  j  ac- 
cordingly, chlorides  of  rinc  and  copper  are  formed. 
Both  dissolve  in  w^ter,  and  the  chloride  of  copper  im- 
parts to  the  eolation  a  green  tinge, 

Experimenl  u  —  Place  in  this  solation  a  polished 
knife-blade;  in  a  short  time  it  will  be  covered  with  a 
abating  of  the  red  metal,  copper.  The  iron  possesses  a 
still  greater  affinity  for  chlorine  than  copper  does,  and,  as 
in  chemical  reactions  the  right  of  the  strongest  prevails, 
so  the  iron  seizes  the  chlorincj  and  the  copper  is  deposit- 
ed in  the  metallic  state*  This  method  is  freqoently  em- 
ploy^ for  precipitating  a  metal  fit>m  its  solution.  Pol- 
ished steel  is,  accordingly,  a  reagent  for  copper ,  and  by 
means  of  it  we  can  ascertain,  very  simply  and  accorate- 
Jy,  whether  copper  is  present  in  pickled  cucnmbers,  or 
preserved  frait,  which  may  have  been  carelessly  prepared 
in  copper  vessels- 

153,  ExperimefU.  —  If  a  piece  of  sodinm  of  the  size 

of  a  pea  is  throwTi  into  a  cop  containing  chlorine  water, 
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it  will  move  rapidly  round,  just  as  in  oonimon  water^j 
With  a  hissing  noise,  and  finally  disappear ;  but  if  a  suf* 
ficient  quantity  of  the  chloriae  was  present,  the  Hqnid 
wHl  not  afterftrarda  give  a  basic  reaction,  as  in  the  ex* 
periment  in  §67j  neither  will  it  have  an  alkaline,  but 
a  saline  taste.  If  allowed  to  evaporate  gradually  over 
a  warm  stove,  small  cubic  crystals  remain  behind,  the 
constituents  of  which  are  chlorine  and  sodium*  Thus, 
from  these  two  elements  a  salt  has  been  formed,  famil* 
iarly  known  as  cmmnon  salt. 

154-  Chlorine,  like  oxygen  and  sulphury  unttea 
in  several  proportions  with  other  substances.  Tbii»,i 
there  are  different  chlorides,  as  well  as  different 
oxides  and  sulphides.  The  combinations  containing 
smaller  quantities  of  chlorine  are  called  protochb^j 
rides;  those  contaioiug  larger  quantities  are  imlled 
perchiorides. 


At  Wl  «  1586.  — Sp.  Gr.  =  5. 

155.    Iodine  is  a  solid   body,  goraewhat  resembling] 
plumbago ;  it  smells  a  little  like  chlorine,  hai  a  pungent 
taste,  and  stains  the  skin  brown. 

ExperimenL — ^  Pnt  24  grains  of  iodine  into  a  flask, 
and  pour  over  them  half  an  ounce  of  strong  alcobot;  if 
the  iodine  is  pure  it  will  entirely  dismtve.    This  dark 
brown  solution  is  called  linciure  of  iodine.     Water  dt« 
solves  only  a  trace  of  iodine,  but  yet  is  rendered  yellow^ 
by  it 

ExperimenL  —  Put  a  little  iodine  upon  a  knife,  and 
bold  it  over  the  flame  of  a  lamp;,  the  iodine  melt«^  and 
ia  afterwards  converted  into  a  vi&lel^cahred  g^^f^^io* 
dific  fumes.    As  tbc  iodiue  ruines  arc  near ty  nine  times 
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heavier  than  common  air,  they  sink  in  it  Iodine  owes 
iti  name  to  the  color  of  iti  fumes,  the  Greek  word 
I«8ijt  mpaning^  viaki'Cotored  The  fumes  appear  more 
beautiful  when  the  Iodine  is  heated  in  a  small  flask, 

ftcr  coolings  the  walk  of  the  flask  become  lined  with 
all  bnlliaiit  crystals  of  solid  iodiue,  aflbrding  an  ex- 

mple  that  tegular  crystals  may  also  be  formed  when 
bodies  pass  from  the  aeriform  into  the  solid  state. 

Experimtnt. — ^Boil  one  grain  of  starch  in  a  test-tube 
with  one  drachm  of  water,  and  add  to  the  thin  paste 
thu»  obtained  a  few  drops  of  tincture  of  iodine;  ihe 
UKlin€  combmes  nnlh  the  starch;  the  emtinnation  w  of  a 
deep  blue  color.  The  blue  color  dbappeare  on  boiling, 
but  returns  agabi  on  cooling.  If  one  drop  of  the  starch 
paste  is  mixed  with  one  quart  of  water,  even  at  this  ex- 
treme dilotioni  the  iodine  tincture  will  Impart  to  it  a 
violet  tinge.  Consequently,  it  is  an  exceedingly  sen* 
sitive  reagent  for  detecting  starch,  and  starchy  on  the 
other  hand,  for  detecting  iodina  If  a  little  iodine  tinc- 
ture is  dropped  upon  floor,  potatoes,  &a,  the  presence 
of  starch  in  these  substances  will  at  onee  be  indicated. 


BBOSCKl  (Br). 

156.  Bromine  is  a  deep  browmshHFed^  heavy,  and 
very  volatile  liquid.  Its  name  is  derived  from  the  Greek 
word  ^pto^#fj  signifying  a  strong  odor.  Bromine,  at 
common  temperatures,  emits  yellowiah-red  fnmcs,  which 
have  a  suffocating  and  offensive  odor,  similar  to  that  of 
chlorine.     It  produces  a  yellow  color  with  sUurch. 

Iodine  and  biominc  hmve^  in  their  relations  to  other 
bodie«f  tkt  greatest  simiiarUf/  h  chhrine.  Like;  chlorine, 
tbey  poeaess  a  strong  affinity  for  hydrogen,  and  for 


with  it  acids ;  they  also  combine  with  the  metals  form- 
ing protoiodides  and  periadidcsj  protobromidcs  and 
perbromides,  which  comport  like  salts*  If  a  polbhed 
silver  plate  be  held  over  the  fumes  of  iodine  and  bro- 
miDe,  it  is  coloredj  first  yeUow,  then  violet,  and  then  bhie^ 
owing  to  these  vapors  combining  with  the  silver.  This 
film  of  iodide  and  bromide  of  silver  is  decomposed  al- 
most instantaneously  in  the  light-,  slowly  in  tlie  shade, 
and  not  at  aO  in  the  dark.  On  thb  property  is  founded 
the  Da^erreoty^pe  process.  Iodine  and  bromine  are 
abo  used  in  medicine  for  dispelling  tumors  and  goitres^ 
and  in  the  treatment  of  scrofula,  &c 

Both  of  these  two  substances  are  faithful  companions 
of  chlorine;  wherever  common  salt  occurs,  whtLher  in 
the  earth,  the  sea,  or  mineral  springs,  small  quantities 
of  them  are  present,  not  in  a  free  state,  howeverj  but 
combined  with  metals.  The  different  sea- weeds  attract 
these  combinations  from  the  sea-water,  and  from  tliesu 
Bea-weeds  iodine  and  bromine  arc  cJttractedi  Both  of 
tb^  bodies  have  poisonous  properties, 

FLUOEmE  m). 
At  Wt-  «  235, 

Fluorine  is  likewise  an  element  having  similar  prop-' 
erties  lo  chlorine,  but  it  is  hardly  known  ia  it3  isolated 
state*     The  mineral  known  as  fluor-^par^  ciystaUi^iiig 
in  cubes,  consists  of  tluorine  and  calDioffl. 


CVANOaEN  taN  or  Cy}- 
At  Wt.  =  325.  *-  Sp.  Gr.  =  1^* 
157*  Pntsnan-blue^  univctaatljf  used  as  a  pigment,  von^ 
\  of  if  on^  carbon,  and  tiiUogen*    But  both  ibe  two  kl* 
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tm  substances  are  so  doaely  combined  with  eaeh  oth^fi 
that  they  may  he  regarded  as  one.  The  most  striking 
thing  in  this  combination  iSj  thatj  although  a  com* 
pound,  it  combine*  with  other  elements  €Xm:tiy  in  the 
same  manner  as  ifwvg-h  ii  were  itself  an  element-  For 
thb  Reason,  luidcr  the  name  cpanogen^  it  is  here  included 
among  the  elements.  It  forms  an  exception  to  the  pre- 
viously mentioned  rule,  that  simple  bodies  can  only 
eombine  with  simple,  and  compound  only  with  com-^ 
pound  bodies.  Cyanogen  comports  towards  other ' 
bodies  in  a  manner  similur  to  thai  of  chlorine^  iodme^ 
bromine^  and  fluorine ;  it  is  gaseous,  and,  like  Uiese, 
forms  with  hydrogen  an  acid,  the  pol^nous  prussic 
add,  and,  like  them,  also  unites  with  metttls,  fonning 
prutocyanidea  and  j>ercyanidcs.  The  cyanogen  com- 
pounds have  likewise  the  chnracter  of  salts.  The  com* 
binatjon  of  cyanogen  wiih  iron,  as  already  stated,  la  of 
a  beautiful  blue  color,  and  hence  the  name  cyamffe% 
from  the  Greek  word  xCavot^  blue* 


The  five  metalloids,  chlorinej  iodine,  bromine,  flu- 
orine, and  cyanogen,  ar6  characterized  as  follows:  — 

1,  They  have  a  far  greater  affinity  for  hydrogen  than 
for  oxygen.  They  combine  with  the  latter  only  on 
compulsion  (oxygen  adds). 

2,  Their  combinations  with  hydrogen  are  acids  (hy- 
drogen acids)* 

3L  Their  combinations  with  the  metals  are  salt 
These  salts  are  called  halmd  salts^  to  distinguish  theml 

Cfrom  the  common  or  oxygen  Jafli,  which  conwst  of  an 
^kl  and  a  base. 
On  account  of  this  latter  peculiarity,  these  elements 
have  boen  called  hahgensj  or  salt  producers. 
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HETEOSFECT    OF   THE    HALOGENS    (CHLOTIINE,  lOBIKl, 
BRONnNE,  FLUORINE,  ASD  CYANOGEK). 

1.  Crystals  may  be  formed,  —  1st,  from  a  soltUianA 
either  by  cooling  (saltpetre),  or  by  evaporation  (oom* 
mon  salt) ;    2d,   from  a  molten  fluids  by  congelatior 
(sulphuT) ;  and  3d,  from  vapor^  when  it  beeomea  solidi 
immediately  on  cooling  (snow,  iodine), 

2.  The  orystaUized  or  regularly  formed  bodies  are! 
the  reverse  of  the  amoij/hous  bodies,  in  which  no  defi» 
nite  form  is  to  be  perceived  (vitreous  and  pulverulent 
bodies).     Many  bodies  can  assume  two,  or  even  severali i 
ditterent  formsj  and  arc  called  dimorphous  or  polyraoM 
phous  bodies  (coal,  sulphur), 

3*  Water  caji  dissDlve,  not  only  solid,  but  gaseous' 
bodies;  for  instaoce,  chlorinej  sulpbureited  hydrogen, 
&e,,  and  the  more  of  them  the  colder  it  is, 

4,  Not  only  heat,  but  light  also,  may  effect  or  de- 
stroy chemical  combinationa. 

5i  A  body  has  a  greater  inclination  to  combine  with 
another  body  at  the  very  moment  when  it  is  ieparatcd 
from  a  combination  (nascent  state), 

6.  There  are,  also,  by  way  of  exception,  compound 
bodies,  which,  just  as  if  they  were  chemical  elements, 
can  combine  with  simple  bodies  (cyanogen). 


FOURTH  GROUP  OF  METALLOIDS:  UTALOaiHS. 

BOBON   (B), 

At  Wt«13«,iiid 

SILICON  (S). 

At  Wt  =  3T&. 

158.  Both  of  these  substaticeA  occur,  in  nature,  only 
In  combination  with  oxygen ;  Ixirun  but  seldom,  oa  in 
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lX3if!acie  acid  or  bomj[ ;  and  ailicon  very  abundantly, 
in  sand,  quarts?,  and  almost  all  other  stones.     The 

fc^ord  Miticon  isi derived  fxoni  the  LatSa  dlex.  Hint;  hence 
*iti§  symbol,  Si.     Boracic   and  silicic  acids  form,  with 

many  baj»eS|  amorphotia  salts  (gla39|  elag,  glaring); 
.  for  this  teason,  boron  and  silicon  nuay  be  called  ht/ah^ 
>  gem  or  glass  producers. 


i 


RETROSFECT   OF 


THE    NON'METALLIC  BODIES, 
METALLOIDS. 


1.  The  thirteen  substances  now  treated  of  may  be 
called  the  nan-^melaUic  bodies^  or  melalhids^  because  they 
do  not  possess  a  metallic  appeamnce. 

2-  Heat  and  electricity  pass  through  them  very  slow- 
ly ;  they  arc  bad  conduciors  of  heat  and  electricity. 
The  metalsf  on  the  contrar)%  which  give  rapid  transit 
to  those  forces,  are  good  coiKlnctors, 

3,  On  decomposition  by  gaimmsm^  the  metalloids 
always  separate  at  the  positive  pole  (the  zinc  side),  and 
the  metals  at  the  negative  pole.  As  the  positive  pole 
only  attmctfi  bodies  endowed  with  the  oppoflite  or  neg- 
•  Btive  electricity',  and  the  negative  pole  only  those  en- 
dowed with  positive  electricity,  so  the  metalloids  are 
called   tkcifo-ntgaiive  botlles  and  t!ie  metals  elecifth 

iitive  bodies, 

4*  Almost  all  the  metalloids  combine  with  hydro* 
,  but^  as  a  general  mle,  the  metals  do  not  Some  of 
hydrogen  combinations  have  acid  properties  {hydro* 
{gen  acids). 

5*  Iti  the  same  manner,  the  metalloids  combine  with 
oxygen,  forming  acid-oxides  or  oxygen  aeids^  The 
metals  also  combine  with  oxygen,  but  forming  mostly 
Oxides  or  basts. 
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6.  The  foUowing  are  the  states  of  aggregation  of  the 
metalloids  at  the  ordinary  temperature ;  — 

7 metalloids, solid:  C,  S,  P,  Be,  I,  B,  SL 
1  «         fluid:  Bn 

S         **         gaseous  J  0,H,  N,  CI,  (Cy). 
7*  They  form  four  families  or  ^x»ups,  founded  on 
their  re^iemblance  to  each  other* 
1st  group,  Organogens,  animal  and  plant  producers ;  O, 

H,  N,  C, 
2d       **       Pyrogens,  fire  producers :  S,  P,  Be. 
3d       **       Halogens,  salt  producers:  CIj  I,  Br,  F,  (Cy)*j 
4th      '*      Hyalogens,  glass  producers :  B,  SL 


ACIDS. 

FIRST   GROITPj  oxygen  ACIDS,   OK   COMBINATIONS  Of 
THE  METALLOIDS   WITH  OXYGEN. 


NTTEOGEN  AKD  OXYGEN. 

h)  Miric  acidy  or  aquafortis  (H  O,  N  Oj), 

159»  ExperimenL  —  Introduce  into  a  sirmll  retort  half 

an  ounce  of  powdered  saltpetre  and  half  an  cnmcr  of 

common  sulphuric  acid,  and  let  tlie  retort  stand  erect 

for  some  time,  inj 
*'^'^-  order     that 

much  OS  possrihli 
of  the  sulphuric 
acid     Tomaiiiit] 
in  the  ii<h?4i  may 
flow  dinvti  ifiU 
rlir  retort    Thf 
imbed  the  latter 


NtTIlOOEN   AND    OXYGEN. 
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i  taiMl  oontained  ju  an  ima  ve^el,  adapt  to  the  beak  of 
a  TeccivtT,  ui^p  round  the  joint  some  strips  of  mois* 
eiiod  blolting-pupcTj  and  beat  gently.  In  a  short  time 
ycUovvisli  fuming  ihnd  passes  over  into  the  receiver, 
9^'hieh  h  plaoed  in  a  vetssei  Ailed  with  water»  and  must 
L^qncndy  be  sprinkled  with  cold  wat^r;  this  fluid  is 
litjuv  ier  than  watcr^  and  is  called  nUric  acid. 
Saltpetre  h  a  salt,  consistting  of  nitric  add  and  a 
i^buse.  The  base  is  called  oxide  of  potassium,  or  more 
briefly  potassa^  and  lias  for  its  symbol  K  O*  Sul- 
phuric acid  id  a  stronger  acid  than  nitric  acid;  that 
it  has  a  greater  afllnity  than  the  latter  for  potass  a ; 
.  therefore  expels  the  nitric  acid,  which,  by  the  appli- 
cation of  heat,  is  converted  into  vapor,  but  is  condensed 
I  in  the  receiver  as  a  fluid,    A  quarter  of  an  ounce  of 

sulphuric  acid  would  in- 
Vakuia.  deed  have  beeu  sudicient 
to  expel  all  the  nitric  acid, 
but  the  process  is  con- 
ducted much  more  easily 
wiien  double  the  quantify  is  employed-  This  explains 
why  the  saline  Tc^iduum  left  in  the  retort  baa  still  a 
very  acid  taste;  it  is  called  frisulphatc  of  potassa.  If 
only  one  half  of  the  solphurie  acid  had  been  employed, 
neulfoi  sulphate  of  potassa  would  have  remained  be^ 
hind. 

but  I 

four  meastires  of  nitrogen  one  measure  of  oxygen  \  nitric 
ttcidt  on  the  e^iitrary,  contairts  ten  times  more  of  the 
latter  element;  consequently,  for  every  four  measures  of 
nitrogen,  ten  ineasiin*8  of  oxygen;  or,  what  m  the  same 
jiiig,  fi  r  wtx  meiiHuitfii  of  N  (1  atom),  five  meas* 

of  I    ^         ms),    Thc^c  two  gases  aro  oaiy  01^ 


T  has  the  same  constituents  as  common  air, 
^  at  proportions,     TIic  air  contains  for  every 


DhasieaOy  mixed  together  in  the  air,  but  iii  ^' 
Kcid,  on  the  contrary,  tlity  are  chemically  t-  1. 

This  is  a  striking  example  how  wonderfully  the  prop- 
erties of  bodies  change,  when  they  ehemicaUy  combine 
with  each  other.  When  mecbaiiiciilly  mixed  togethcri 
the  conatituenfs  of  nitric  acid  form  a  Ufe-sostaining 
gafi,  while,  when  chemically  combined^  they  form  one 
of  tlie  most  corrosive  flutds. 

It  might,  perhaps,  be  supposed  that  nitric  acid  could 
be  formed  more  directly  and  simply  from  the  air;  but 
this  catmot  be  done,  because  the  inert  nitrogen  will  not 
voluntarily  combine  with  oxygen ;  this  combination 
can  only  be  «lTei:trd  by  a  circuitous  inetliodj  which  will 
be  de5criL>ed  hurcailer* 

The  strongest  nitric  acid  contains  in  every  pound  two 
and  a  quarter  ounces  of  water,  or  In  eacij  utor  -i 

one  atom  of  water,  without  which  latter  it  cai]i  f ; 

if  this  is  witbdiawn  from  it,  it  is  resolved  into  oxygen 
and  a  lower  oxygen*compound  of  nitrogen.  Many 
other  bodies,  especially  organic  bodies,  behave  in  a  sjm^ 
ilar  manner^    This  water  has  been  called  u?al€f  of  eon- 

l^iUidion-,  denoting  thereby  that  it  is  indispensably  neccs- 

laary  to  the  conslitntion — to  the  existence — of  the  bod- 
ies rcfcncd  to.     The  water  of  crystallisation  is  necea- 
iry  only  to  the  continuance  of  the  form  and  ikapc  of 

^the  crystals.     Tlie  crude  nitric  acid  oi  comracrce,  which 
is  commonly  prepared  in  large  iron  cylinders,  contains, 

jperhups,  from  10  to  13  ontices  of  water  in  the  poQud; 

i-conscquently  it  is  three  or  four  timcj*  wcuikef  than  the 
above; 

160.  Erpenmenh  with  Ntitic  /Uid. 
Mxfferimenl  «*— -*  A  drop  v(  nitric  acid  b  -miji  icjii  to 
addify  several  spoonfuls  of  water,  and  evco  at  a  greater 
liluiion  it  will  redden  blue  !i  tic  acid  is 

f  accordingly  distinctly  churacic.,,  _i  ^ 
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NrTROGEM    ANU   OXYGEN. 

Exp^rimeM  k  —  The  welHtnowa  volatile  alkali,  more 
correctly  called  afnmouia,  may  serve  ass  tlie  atititbesia  to 
the  acids.  It  lias  an  alkaljue  taste,  haa  no  action  on 
blue  test-paper,  but  turiia  red  test-paper  blue  ;  it  has  the 
character  of  a  base.  Its  exceedingly  pungent  odor  is 
uho  characteristic. 

Expemmnt  c*  —  Add  carefully,  and  by  drops,  some 
nitric  add  to  half  an  otu:ic0  of  ammonia,  until  the  color 
of  red  or  blue  test-paper  remains  unchanged  by  it 
When  tliU  point  is  allained,  yon  will  no  longer  perceive 
either  the  acid  or  tlic  alkaline  taste  or  smell.  The 
taste  has  become  mline^  the  smell  has  vanished.  This 
process,  as  already  mfntioncdj  is  called  fwulralizaiian. 
Upon  evaporating  the  eolution  a  white  salt  remains  bc- 
lind,  nilruli*  of  ammotiia.  By  appropriate  means,  thf 
itrie  aejd,  aa  well  as  the  amnioniaj  may  be  again  libc 
ated  from  tliis  salt 

It  h  characteriatic  of  all  adda,  that  ihep  combine  wi^i 
bmeSf  Jorming  eniirclt^  new  bodies^  called  saUs^tind  thiJS| 
loae  their  add  properties, 

Ejtpenmeni  d,  —  If  lead  be  heated  for  a  long  time  iaj 
the  air  it  abstracts  oxyi^en  from  it,  and  becomes  con-* 
verted  into  a  redditih-yellow  powder,  called  oxide  of  lead, 
or,  popularly,  litharge.     Take  up  a  small  portion  of  thiag 
litharge  on  the  point  of  a  knife,  put  it  into  a  tcst-tnbe, 
and  add  some  nitric  add*     The  greater  part  will  be  dis- 
solved by   gentle  heating.      Filter  the  siolution   whill 
warm,  and  put  it  in  a  cold  place ;  a  salt  will  be  depos 
ited  from  it  in  white  brilliant  crystals  of  nitrate  of  oxide 
of  lead.     This  shows  that  oxide  of  lead  is  also  a  basoi^ 

it  couibtiics  with  acids  forming  salts*     This  salt  i* 

able  in  pure  water. 

ic  acid  dis8olvc2$  most  of  the  metallic  oxide^t  ^^^ 
with  ihecn  salts,  all   of  which  are  soluble  in 
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water.  For  thiB  reasoHj  nitric  acid  m  often  tised 
deanhig  metakj  for  instance,  copper  and  brass  msfxnT 
meiit^,  which,  daring  the  processs  of  aoiiealing,  solder- 
ing, &c,j  iiave  become  covered  with  a  coating  of  oxide. 
Experhnent  e, —  Pour  over  some  shot  common  nitric 
acidj  slightly  dilnted  with  water ;  a  solution  is  ako  ef- 
fected in  this  instance,  but  it  is  accompanied  by  the 
evolution  of  a  yellowish-rcd  vapor  of  a  Buffocatiog 
amel).     This  vapor  is  called  nitrous  acid,  and  contains, 

I  as  its  name  implies,  letss  oxygen  than  nitric  acid*  The 
missing  oxygen  has  united  with  the  lead,  and  has  con- 
verted it  into  an  oxide*  Part  of  the  nitric  acid  ia  de- 
composed, whiJe  another  part  of  it  combines  with  the 
oxide,  and  forms  the  same  salt,  as  in  the  fomier  experi* 

hment  This  likewise  crystallizes  from  its  solution,  if  it 
JB  evaporated  nntil  a  film  forms  on  its  surface. 

In  tliis  case  nitric  acid  exerts,  as  we  see,  a  double 
action ;  it  fit^t  oxidises  the  lead,  and  then  combinci 
with  the  oxide  formed.     The  lead  is  apparently  dis* 

riolved,  but  it  is  obvione  that  this  is  quite  a  different 

Fictnd  of  solution  from  that  of  common  salt  or  sugar  in 
water.    The  salt  and  sugar  are  unchanged  in  the  iioln* 

^tion,  while  the  lead  is  not  contained  in  the  lJ4)uid  aa  a 
aetalj  but  as  a  salt,  a  nitmle.     The  same  tiling  uccojni 
mtb  all  other  mctab  which  are  soluble  in  nitrio  Qdd| 

ins,  for  example,  with  silver,  mercnry,  copper,  '  vi\ 

iold  m  not  dissolved  by  it;  hence  it  may  be  r    .         .  d 
^m  silver  by  means  of  nitric  acid, 
Exf/eriTuent  f. —  The  metalloids,  as  well  as  the  met- 
als, arc  oxidized    by   nitric    acid ;  charcoal,   on   b<*jng 
boiled  ill  it,  becomes  carbonic  acid;  sulphur,  aolphnrie 

acdd;  pl.^  '     ^       In  all  tlicae 

cases  yeh  ire  evolved. 

Exptrimtnl  g.  —  Orgmnic  «iU*tiinoc«  alao,  for  exam* 
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ptej  wool,  feathers^  wood,  mdigo,  &c*,  ane  oxidbfcd  and 
decomposed  by  heating  with  nitric  acid-  This  sort  of 
i\vr  i  I  toil  may  Ik*  \  "    1  aij  combustion  m  the 

mn  j,     If  organ  11'  ices  are  allowed  to   re- 

main for  a  short  time  only  in  contact  with  this  add, 
they  Will  aBsiume  a  yellow  color,  owing  to  the  evolution 
of  nitrons  acid  In  this  manner  wood  may  be  stained, 
and  »ilk  may  be  died  yellow;  the  hands  and  dothei 
are  also  stained  yellow  by  nitric  acid.  Cotton  ex- 
periences a  most  remarkable  change  If  soaked  for  a  ^j 
short  time  in  the  strongest  nitric  acid;  it  will  then  de-  ^| 
tonate  and  explode^  like  gunpo^vilcr,  only  far  more  vi-  ^ 
olcntly*  (§  4'i3,)  Strong  nitric  acid  is  partially  de- 
composed, and  colored  yellow,  by  the  rays  of  the  son* 

If  yon  color  some  water  bhie  in  a  tciet-ttibc  with  one 
drop  of  wolutioii  of  indigo  (§  173),  and  fidd  to  it  on  boil- 
ing one  drop  of  nitric  acid^  the  bloc  color  will  disappear. 
This  beliaviour  serves  for  the  delection  of  nitric  acid- 
Nitric  acid,  aa  the  preceding  experiments  show,  is 
very  easily  dccomposett^  and  with  the  liberation  of  Dxygcn, 
which,  in  the  nti^eent  state,  haa  the  greatest  desire  to 
combine  again  with  other  boditse,  Iti^  owing  to  this 
property,  ont*  of  the  mosit  important  means  of  oxidaiion* 
Es^rimeiU  h.  —  The  nitric  acid  salts,  also,  are  easily 
decomposed.  Having  powdered  some  of  the  nitrate  of 
lead,  obtained  in  experiment  d  or  e^  throw  it  npon  a  red- 
botooal-  decomposilion  will  ensue,  with  the  emission 
of  sparki$,  and  beads  of  metallic  lead  will  remain  be* 
hind-  The  nitric  acid  will  hereby  be  completely  re* 
solved  into  nitrogen  and  oxygen ;  tlie  latter,  a^  well  as 
the  oxygt^n  of  the  oxide  of  lead,  combines  with  the  eoal^ 
forming  carbonic  acid,  which,  tiitretUer  witfi  the  nitrogi^n 
that  has  become  gascooBf  q  '^pes  aod  occasion*; 

the  iJTni»!Hion  of  Bparks.     Ti..    .  .  ♦  *cn  evolution  of  gmm^ 
from  a  solid  body  \m  called  dcionaliom 
U 
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2.)  NUrom  Acid  (N  O.). 

161.  This  acid  is  alvvay.i  produced  a&  a  disagreeahlo 
secondary  product  from  nitric  acid,  when  tbisj  as  in  the 
previous  experiment,  ia  employed  for  dissolving  or  ox- 
idizing metals  or  otlier  substances.  At  the  common 
teropcrature  it  forms  reddish-yelhw  suffocating-  fumes^ 
which  at  a  very  low  temperature  may  be  condensed  into 
a  blue  liquid.  As  the  inhalatioa  of  these  vapors  is  in- 
jurious to  tlie  lungs,  experiments  performed  with  this 
acid  should  always  be  done  where  there  is  a  fee©  circu* 
lation  of  air. 

Fuining-  Nitric  Acid.  —  Nitric  acid  will  dissolve  lai^^ 
quantities  of  nitrous  acid  fumes,  and  ia  thereby  con- 
verted iuto  a  reddiiih-yellow  liquid,  which  in  open  ves* 
scls  gives  of?  the  same  colored  fumes.  It  is  then  caUcd 
fuming'  niiric  add  {N  Oa  +  N  O3).  On  dilution  with 
vimter  it  becomes,  Urst  green,  then  blue^  and  finally 
colorless,  while  the  nitrous  acid  escapes. 

3,)  mtric  Oxide  (NO,). 

162.  ExperimcnL  —  Pour  aver*  a  cent,  placed  in  a 
widc^mouthed  bottle,  a  little  water,  and  then  add  by 
degrees  some  nitric  acid,  until  a  brisk  efil*rvesccnce  en- 
sues.    This  eflcrve^cence  is  caused  by  the  evolution  of  a  1 
gas,  which  must  be  coUected  in  a  jar  of  white  glass! 
over  the  pneumatic  trough.    It  is  called  nitric  oxuk^  anc 

L     consists  of  two  measures  (I  at)  of  nitrogen  and  two^ 
H  measures  (2  at.)  of  oxy- 

H  ^  gen.     Qose  the  mouth  of 

^^B  tfC^^  ^^^  i^^   under  water  j  it 

^^^^■i    ^^1.  /^      seematohecmpty,  for  the 

V7j^^       ^^     /  ^      "itjic  oxide  is  calDrli;^^^; 

H     ^^VL       ^^^^^^F         andair  bcatrefuii  ^ 

I 
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filletl  from  abCTre  with  yellowish-red  vapors.  The  ni- 
tric oxide  ialces  thereby  from  the  air  one  atom  of  oxy- 
gen, and  13  converted  into  nitrous  acid,  and  N  O^  be- 
comes N  O^  On  account  of  this  property,  it  has  an 
itnpojttint  application  in  the  preparation  of  comnion 
sulphuric!  acid  (§  172),  It  ia  here  formed  from  mtric 
acid,  because  the  copper  withdraws  from  it  three  atoms 
of  axygen,  and  becomes  an  oxide,  which  combines  %vith 
undecompoied  nitric  acid,  forming  nitimte  of  the  oxido 
of  copper.  This  salt  is  obtained  in  blue  crystals  by 
cva[Hirating  the  solution  of  the  cent, 

163-  4.)  NUraus  Oxide  (N  O)  ia  a  combination  of 
t%%"o  measures  {1  at)  of  nitrogen  with  one  mcaisure 
(I  at,)  of  oxygen;  it  is  a  colorle^is  gas,  which,  when 
inhaled,  has  an  intoxic^iling  effect,  and  is  therefore 
callc^d  alno  exhilarating  gas*  This  gas  may  he  regarded 
as  atmospheric  air,  containing  double  ita  ujsual  amount 
of  oxygeiL 


4 


By  the  following  table  it  will  be  seen  that  both 
lumes  and  the  weights  of  the  constituents  of  the  four 
com poundif  just  treated  of  are  in  regular  proportion:  — 

la  Wti^L  In  Vdimi. 

ITa  N,  with  M»  0,  or  4  voU.  (1  nt)  N.  with  5  vok.  (4t-)  0^  to  NOi, 

175  —    **     sew—  **  a     »     (1»L)  —    *-     a     "      **    — -K0>. 

175  ^     «      SOO  —  «   2     "»      (I  ftt)  _     "     2     "       «    _  o  jf  Q^ 

IT*  —     ■*     100  ^  "  t     **      Cl»L)—     "     I     «       **    —  "NO. 

By  one  measure  or  atom  of  oxygen  (O)  is  here  meant 
100  ounces,  gmins,  &e*,  in  weight  On  the  oilier  hand, 
by  lw<'  r  one  atom  of  nitrogen  (N)  m  meant 

a  quail  : 


I 


lit  of  175  ounces,  grains,  ^, 


i 


160 


ACIDS. 


CAHBON  AKD  OXYCEl?. 

1*)  Carbonic  Add^  ox  fixed  air  (C  O*) 
164*  It  has  already  been  shown,  when  treating  ofi] 
carbon,  that  coal  and  all  our  combiwtible  aubfitancca 
formi  during  brisk  combustion,  carbonic  acitt  (§  115), 
and  that  this  gas  raay  be  detected  by  lime-water,  which  y 
13  thereby  rendered  tiirbid,  owing  to  (he  formaticm  of 
an  insohible  salt,  carbonate  of  lime.  Chalk,  limestooe, 
and  marble  are  also  carbonates  of  lime,  and  from  Iheni  | 
carbonic  acid  may  be  prepared  in  large  quantities* 
Ej^erimeni,  —  Pour  loto  an  eight-oiincc  flaak  half  an 

oujice  of  nitric  acid  and< 
half  an  onncje  of  water,] 
and  then  add  some  pieces  i 
of    chalk    or    limestone. 
Adapt  to  the  flask  a  beiitj 
glass  tube,  and  conduct^ 
the    ga:?,   which    escapes 
with  effervescence,  into  a 
jar  placed  over  the  pneti- 
matic  trongh,  and  collect  it,  as  was  directed  under  oxy-^ 
gen.     The  stronger  nitric  acid  expels  the  feebler  carboni*! 

acid,  while  it  combines  witli^ 
the  base,  lime  (Ca  O).     The 
nitrate  of  lime  formed  (Ca  O,^ 
N  O.)    is    a    soluble   salt}^ 
therefore  there    remains    in 
the  flask  a  clear  liquid,  from  which,  by  r    -> -*tton, 
the  nitTie  acid  salt  may  be  obtained  in  a  sv. 

jtmi. —  Repeat  the  experiment,  bttt  instead  of 


VdiUlo. 


d  take  half  an  ounce  of  stdphtt 
ly  diluted  with  two  ounces  of  ^^ 
wfD  obtain  caibonic  acid  and  etUpltate  Qi  Uttie. 
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liquid  in  this  case  does  not  become  clear,  since  the  sul* 

phate  of  lime  (Ca  O,  S  O,) 
Touuk,  IB  a  salt  difficult  to  dissohx^ ; 
it  is  the  same  substance 
with  that  commonly  called 
gypsum^  or  plaster  of  Parbi. 
Having  finished  the  experiment,  collect  and  dry  the 
gypstun,  and  preserve  it  for  future  expeTiments*  The 
last  two  expenments  aie  obvioaa  examples  of  simple 
elective  afilriity. 

Ktperiment.  —  Add  some  sulphuric  acid  to  the  ni- 
tric acid  flolution  of  the  first  experiment ;  the  dear  liquid 

will  become  thick  and  tur- 
bid, gypsTim  being  lUccwise 
formed,  because  sulphuric 
^iSwi!^  aeidj  which  is  stronger  than 
the  nitric  add,  expela  the 
latter,  and  combines  with  the  lime.  ^ 

165.  JSxperimeHis  wUh  Carbonic  Aaui.  B 

Ej^erifMtii  a.  —  If  moistened  blue  testv-paper  is  ex- 
posed to  carbonic  acid  it  is  reddened,  but  on  being  left 
in  the  air  for  some  time  the  blue  color  is  restored ;  car* 
bonic  acid  iai  a  volaliie  add. 

Mscperimeni  b.  —  A  burning  taper  is  ex- 
tinguished when  held  in  carbonic  aeidj  and 
it  is  fatal  to  men  and  animals  if  they  ijibale 
it.  Carbonic  add  gas  can  neither  support 
cambmiion  nor  life* 

Mcperimtni  c,  —  bivert  a  jar  filled  with  car* 
bonic  acid  over  one  containing  only  atmos- 
pheric air;  if  after  some  moments  yon  intro- 
duce into  each  of  these  jai9  m  burning  taper^ 
ihat  in  the  upper  vessel  will  conHnne  tol 
bttnii  while  that  in  the  lower  one  ^^iU  be  ex 
14  • 
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I  tingaisbed.  Carbonic  acid  is  keaimr  than  common 
P  air ;  it  bas  sunk  ioto  the  lower  jar,  while  the  atniospheric 
air  lias  ascended  into  the  upper  one.  If  a  flask,  lilled 
with  carbonic  acid,  be  held  witli  ils  mooth  obliqacly 
over  the  flame  of  a  lampi  so  that  the  gaa  can  flow  out, 
the  light  will  be  extinguished, 

Experimeni  d, —  Kcpeat  the  experimeot  of  the  two 
jars,  filling,  instead  of  the  upper  one,  the  lower  one  with 
earbonic  add.  If,  after  some  hours,  you  add  lirne-water 
to  both  of  the  jars,  and  shake  them,  you  will  obtain  in 
both  of  them  a  precipitate  of  carbonate  of  lime,^^ — a 
proof  that  the  carbonic  acid  has  partly  ascended  into 
the  upper  jar.  Both  gases  have  intimately  united  to- 
getiior,  or  the  carbonic  acid,  though  heavier,  has  a&oend* 
ed,  and  the  common  aifj  though  lighter,  has  difiased 

Iitadf  towards  the  bottota,  This  voluntary  mixing  of 
the  different  kinds  of  gases  together  h  called  diffusion 
of  gases.  Thin  difTusion  of  gaseous  lK>die%  iinee  it 
maintains  a  constant  equality  and  Ijalanee  of  the  con* 
Btituents  of  the  atmosphere,  is  of  great  importance  in 

I  the  economy  of  nature,  and  accounts  for  tlic  fact  that 
the  constitution  of  the  air  is  everywhere  nearly  uni* 
formj  although  in  one  place  free  oxygen  is  withdrawn 
from  It,  and  in  another  plaoo  carbonic  add  id  added 

■  to  it 

I  Experim^id  e* — ^  Fill  a  flask  contfuning  carbonic  acid 
I  half  fnll  of  pure  water,  close  it  with  the  finger^  asid 
B  shake  it ;  the  water  takes  up  the  carbonic  acid^  and,  o^  a 
H  vacuum  m  formed,  the  finger  k  pressed  into  the  mouth 
I  of  tJie  flask  by  the  external  siir.     Carbonic  acid  gas  b 

■  Bolubk  in  waier;  one  mcasum  of  it  will  dissolve  one 
I  mcftsuie  of  carbonic  aeid,  but  twice  a^  much  when  &ub< 
I  jected  to  pi^^sure ;  it  thereby  acquires  an  acid  taste,  and 

■  the  ptopefty  of  eflervesctng.     Such  waters  ooopa  oiil 
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from  the  earth  10  tnaoy  plaoea,  for  instance,  at  Seiters 
and  Btlin,  and  they  are  used  for  their  medicinal  qual- 
ities, under  the  name  of  mrbmiaicd  waters.  They  are 
alwj  preptiTi'd  artificially.  From  this  it  appears 
that  carbonic  acid  is  innocent  when  taken  as  a  drink, 
■but  j»  injurious  when  Inhaled.  The  foaming  of  bottled 
beer  ajid  champagne  is  owing  to  carbonic  acid,  formed 
during  the  fcnncntatiDn  of  these  liquors,  and  kept  eon- 
fioed  in  the  botth*3  by  corking  them. 

^^erimetii  /. —  Throw  a  piece  of  chalk  into  vinegar; 
vinegar  is  one  of  the  weakest  acids,  yet  it  is  able  to 
expel  carbonic  acid  j  this  escapes  wilJi  effeirescence. 
C;ubonic  acid  is  a  ver^  fecbie  acwi,  because  it  has  a 
very  great  inciination  to  become  gaseous. 

Formerly  carbonic  acid  was  only  known  in  Ub  gas- 
eous ttate;  but  in  recent  times  it  has  been  con^'erted 
into  a  Hqmdi  by  a  strong  eompressure  at  a  low  temper- 
ature. This  liquid  evaporates  ip^Hth  such  great  rapidity, 
that  a  cold  of  nearly  — lOO'^  C.  la  produced  (§40)* 
By  this  means  chemists  have  lately  succeeded  in  ren- 
Icring  carbonic  acid  a  s&UiL  It  then  has  the  appear^ 
ace  of  snow  or  ice. 

166.  Esi^eriment.  —  To  be  perfeeUy  convinced  that 

carbon  is  coataincd  in  the 
^*^^^  colorless    carbonic    acid 

3  gaS|  take  a  test*tube, 
break  tlje  bottom  of  it, 
and  adapt  to  it^  by  means 
of  a  perforated  eork^  a 
glass  tube,  and  connect 
it  with  a  flask  in  w  hich 
carboBic  aeid  is  evolved 
^^164)*   Introduce  int>    '  :  ofpota^^siurn 

of  tlic  sijce  crfa  pea,  ]<  .  '^-^ii  blotiiiig^ 
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r,  and  heat  the  place  where  it  lies  with  a  lamp.    Po- 
sium  ii  a  metal  very  similar  to  sodium^  and  has,  ILko 
that,  an  extraordinary  aiBnity  for  oxygen;  at  the  dt*gree 
of  heat  produced  by  the  lamp^  it  is  enabled  to  withdraw 
the  oxygen  from  the  carbonic  acid  which  passes  over  it 
This  takes  placcj  and  oxide  of  potassium,  or,  motn 
iBimplyj  potassa  (K  O),  h  formed,  one  of  the  atrong> 
fest  bases,  whicli  immediately  ce»mbinc3  with  a  portioti 
of   the  acid  present^  forming  carbonate  of   potassa^ 
This  is  colored  black  by  the  separation  of  carbon.     If 
you  put  the  test-tube,  containing  the  black  saline  mass, 
int-o  a  wide-mouthed  Oask,  in  which  there  ia  Bome  watcfj 
the  carbonate  of  potassa  will  dissolve,  but  tlie  carbon 
will  float  mechaiijcally  in  the  golntion,  and  may  be  col* 
lectcd  on  a  filter,    The  liquid  has  a  basic  reaction,  since 
:  the  feeble  carbonic  acid  is  not  able  fully  to  neutralisce 
^  the  alkaline  properties  of  so  strong  a  base  aa  pota**»a. 
The  presence  of  carbonic  acid  is  proved  by  the  effer- 
vescence produced  on  the  addition  of  an  acid* 

Carbonic  acid  consists  of  one  atom  of  carbon  and 
two  atoms  of  oxygen,  and  haa  consequently  the  formula 
C  Oj,  By  weight,  then,  75  ounces  or  grains  of  caiboEt 
are  united  with  200  ounces  or  grains  of  O3tygeo ;  ac* 
cordingly,  one  atom  of  carbon  is  equal  In  weight  to  75 
^oxuicaSj  grains,  &e,  of  carbon* 

167,  Carbonic  acid  is  everywhere  unceasingly  gener- 
ated, and  especjally, — 

a.)  In  those  regions  of  the  earih  %vtRTe  voleunoes  are 

active,  or  probably  were  active  in  a  former  age.     It  U 

generated  at  the  Grotto  del  Cane,  nc*ar  Naplcit,— at  Pyr- 

fiont^  in  Wt      V  '   i. —  and  in  the  nei  '-  *    ^  .'it% 

FX»akc  of  Lai.  ;  uud  it  oozes  i  ir* 

rent  from  variouBi  creticeg  in  diderent  parhi  of  the  garth* 

k)  In  all       '        V  comims^hm^nM  has  alfearly  been 

mentioned  I? I  mes 
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r*)  In  the  renpiraihn  of  men  and  animals,  as  may 
eaaiiy  be  proved  by  blowing  the  air  coming  from  the 
luiigH  through  a  gbfts  tube  into  lime-water;  carbonate 
of  lime  id  formed,  whicb  renders  the  clear  liqai  J  torbid, 
W«  inhale  oxygen ;  this  combines  in  our  bodies  with 
earbon,  and  h  again  exhaled  as  carbonic  acid;  there- 
fore, in  those  crowdeti  apartments  where  many  people 
cungregate,  or  where  many  lightB  are  burning,  some 
arrangement  i^hoidd  be  made  by  which  the  vitiated  air, 
that  it,  air  rich  in  carbonic  acid,  may  be  conducted  ofl*, 
and  be  rephiced  by  fresh  air,  that  isj  air  ridi  in  oxy- 
gen.  Tliiii  is  aeeomplislied  by  means  of  artificial  cur- 
rents of  airj  or  ventilation. 

rf,)  In  the  ferfnetUntimi  which  occurs  in  the  making  of 
wine,  beer,  and  brandy.  In  Ihia  process  the  sngar  is  re- 
solved into  alcohol  and  earbunic  acid ;  the  former  re* 
mains  in  the  liquor,  and  imparts  to  it  an  intoxicating 
power,  while  the  carbonic  aeid  escapes  in  the  air. 

€,)  In  the  decay  and  puirefaclian  of  all  animal  and 
vegetable  substances*  Carbon  is  contained  in  all  or- 
ganic bodies ;  during  decay  it  is  converted  gradually  by 
the  oxygen  of  the  air  into  carbonic  acid ;  hence,  wher- 
ever plants  and  animals  exist,  w^hether  upon  tlie  earth, 
in  the  sea,  or  in  the  air,  carbonic  add  must  be  fanned- 

All  the  c-arbonic  acid  thus  formed  is  received  into 
the  air.  If  it  should  continue  there,  however,  the  air 
would  become  gr^idually  deteriorated,  moTc  especially 
as,  in  all  the  processes  of  breathing,  combustion,  and 
decay,  free  oxygen  or  vital  air  is  taken  from  it  But 
tliie  i^  not  the  case.  The  oxygen  does  not  decrease. 
The  carbonic  acid  docs  not  increase.  An  unfatliom- 
able  wisdom  has  appoTnt**d  the  %'eget^ble  kingdom  as 
the  protector  of  animal  life,  and,  with  wonderful  sim- 
plicitY,  has  provided  ttiat  plants  should  absorb  from  ll\e 
iijr,  as  ihek  pririctpal  means  of  mpporl^  the  carbonic  acid 
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exhaled^  EB  nselesB,  by  men 
and  animak,  and  Bhould 
yield  oxygen  to  them  in 
teturn.    Plaiiti*  inhale  car- 
bonic  add,  and    {during 
the  day)  exhale  oxygen* 
Lime-water  {\  116)  serves  for  tlic  detection  of  carbonic 
acid,     Ycni  may  infer  the  prest*iice  of  carhoiiie  aejd  iti 
8olid  bodie&i  if  an  effervescence  unattended  with  odor 
i»  occadoncd  by  dropping  rnttriatic  acid  npon  them. 

2*   Carbonic  Ox^id*^  (C  O)  f jus  already  been  treated  ot 
(^  110.) 

glTLFHUE  AND  DXTGEK. 

1.)  Siifphffric  Add  (S  O,). 

168.  What  iron  h  to  the  maehiiu&t,  sulphuric  acid  id 
to  the  ehemiat  As  the  former  makes  out  of  iron,  not 
only  macluiicry  of  all  sorts,  but  also  inBtrnments  by 
which  he  c^n  work  up  every  other  material,  so  sulphu- 
ric acid  has  also  for  us  a  double  interest  It  not  only 
forms  witli  the  bases  very  important  salts^  but  we  em- 
ploy it  alKo  as  the  most  useful  chemical  means  for  pro- 
ducing numerous  other  chemical  iubstances  and  changes, 
as  has  already  been  taught  in  the  prepamtion  of  hydro- 
gen, phosphorus,  chlorincj  nitric  acid,  carbonic  acid,  Scfu 
Since  it  has  come  into  general  u^e  for  the  cleaning  of 
metallic  iniplements,  for  the  kindling  of  matches,  and  for 
I  mnkirig  hhtckiiig,  Arc,  it  is  well  known  as  o  sharp,  ror- 
1  Tosive  fluid*  It  fitandii,  as  it  were,  the  Hercules  aniong 
4 he  aeids^  and  by  it  we  arc  able  to  overpower  all  oU»er», 
and  expel  them  from  their  combinations  It  oecare  in 
commerce  as  a  liquid  only.  There  are  t\^^o  sorts;  I)  nn 
oily  fuming  licpud  (Nordhaii^'  '  '  ^  i*i,  or  oil  of 
vitriol);  and  i*)  another  ?ti  ,  and   not 

fuming,  acid  (common  sulphuric  aeid).     But  it  mftj 
be  obtained  In  a  aoUd  and  dry  stale  in  the  following 
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169*  Anhjdrmis  Stdphurit  Add. 

ExptriminL — Pour  into  a  small  flasiM  placed  in  ( 
san<l'bntlr  ov<*r  a  tripod  (j?ee  Fig.  93),  half  an  ounce  of 
NoTf]  hail  sen  siilphiiric  acitJ,  and  I  scat  jt  (gently  till  it  boils 
modem tely.     Cnndnet  the  vapor  through  a  aufficieiitly 
wide  glasis  tube  into  an  empty  fJask,  which  is  placed  in 


Fl?  93, 


a  vesicl  filled  with  cold  wat^r*  la  suniraer  time  the 
rater  may  easily  be  made  colder  by  adding  to  it  a  tea* 
)nfiil  of  powdered  saltpetre.  If  the  vapor  be  suffered 
to  escape  into  the  air,  it  appears  in  thick  white  fumes, 
baling  a  pungent  acid  smell  ;  but  if  conducted  into  the 
Jiask,  it  IB  condensed  into  a  glistening  white,  solid  mass* 
This  IS  anhfidtous  mdphuric  add*  The  distillEtion 
fitopB  as  soon  as  the  boiling  ceases,  and  the  gla^s  tube 
becomes  m  hot  as  to  burn  the  band.  Wliat  remains  in 
the  flask  no  longer  fames ;  it  has  become  common  euU 
phuric  add*  To  eause  this  to  boil,  you  mnst  apply  a 
ten  times  stronger  heat  than  before,  for  it  does  not  be- 
^n  to  boil  till  above  300^  C,  wliilc  the  anhydrous  add 
bolls  even  at  a  little  above  30'^  C  This  is  the  reason 
why  the  boiling  ceases  whca  the  latter  has  escaped. 
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Experiments  with  Anhtftlrotts  Suipknric  Acid- 
Experiment  a.  —  Take  outcome  of  the  acitl  by  mi>ans1 
of  a  glass  rod,  and  introduce  it  into  a  dry  test-tube;  it 
will  fume  violently,  and  after  a  time  become  fluid  ;  thfU  j 
i.%  it  aUraris  water  from  the  air,  and  is  thereby  converted  * 
into  Nordhanseu  stdphoric  acid.     On  longer  standing,  it 
absorbs  still  more  water,  and  ceases  to  fume ;  it  thus  be* 
comes  common  sulphuric  acid      By  evapi*raiion  thisi  I 
water  carmot  again  be  removed,  for  the  sulphuric  add| 
will  deliver  this  up  only  when  we  present  to  it  a  base  in 
exchange. 

Experiment  b. —  If   anhydroua    sulphuric    acid    be  | 
thrown  into  water,  it  is  dissolved  with  a  hissing  noise, 
and  a  violent  evolution  of  heal. 

Experiment  c.  —  It  m  likewise  dissolved  in  eommoti 
sulphuric  add,  converting  this  into  the  fuming  add* 
Fmning  sulphuric  acid  is  accordingiy  a  solution  of  an- 
hydrous in  common  sulphuric  acid*  Its  con&tituenta 
are,  by  weighty  200  of  sulphur  (1  atom)  and  300  of  oxy- 
gen (3  atoms)-  Hence  its  symbol  ^  SO> 
170.  Fuming'  Sufphuric  AcitL 

This  la  obtained  by  the  dit5tiIlation  of  green  vitriol, 
which,  as  IB  knowiif  consists  of  sulphuric  acid  and  pro- 
toxide of  iron.    (§  89.) 

E3^ierim€iU,  —  Put  a  crystal  of  green  vitriol  into  a 
gla^s  tube,  and  heat  it ;  aque- 
ous vapor  escapes,  and  the 
green  crystal  br^cortii's  white 
(onliydruns).  On  further  heat- 
ing the  white  color  passes  into 
reddish-brown,  and  a  little  sol- 
phurouB  acid  ia  evolved;  a  poir* 
tion  of  the  sulphtiric  acid  gives 
up  one  atom  of  oxygen  to  thi!  protoxiile  of  iron,  which 
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ft  thus  oonvefts  intn  a  sea<|uioxidej  while  the  other  por- 
[tion  corabiiirs  with  the  oxide  of  iron.  If  this  basic  suU 
\  phate  of  sesquioxitlc  of  iron  be  strongly  and  eoiitinuouply 
I  heated^  then  the  »estimoxide  of  iron  release.^  the  sulphii- 
^Tic  add;  and  this  escapes,  and  becomes  anhydrous,  be- 
^  ctiose  it  no  longer  finds  any  water  present.  In  prepar- 
jJng  it  on  a  hirge  scale  carHien  retorts  are  used,  and 
Khe  fumes  are  conducted  into  common  gtdphuric  acid, 
[which  18  thereby  convcTted  into  fnming  acid.  As  thia 
[is  a  thick,  flowing  liquid,  like  oil,  and  is  prepared  from 
jijgreen  vitriol,  it  hns  received  the  name  of  oil  of  vitjiol ;  it 
fi»  aliw>  culled  Nordhau<*en  sulphnric  acid,  because  this 
[city  supplied  Germany  with  it  for  centuries*  Oil  of 
j  vitriol  has  the  speeifie  gravity  of  1.9,  and  contains  for 
every  pound  abunt  2  or  2 J  ounces  of  water* 

If  oil  of  vitriol  be  exposed  to  the  air,  the  anhydrous 
I  acid  in  it  evaporates  and  unites  with  the  vapor  con- 
tained in  the  air;  aeeordin^'ly,  common  aulphuric  acid 
Is  fonned,  which,  being  Um  times  less  volatile,  condenses 
in  the  cold  air,  (c>nuing  white  va])ori*,  jnst  as  steam  does. 
r  Consequently,  the  fumes  of  oil  of  vitriol  consist  of  the 
rVapor  of  common  sulphuric  acid. 

As  long  as  the  process  of  inanufacturing  snlphuric 

cid  from  green  vit? iol  alone  was  known,  it  was  a  very 

^pensive  article,     A  htindrml-weight  is  now  obtained 

for  tJje  same   sum  that  was  formerly  paid  for  two 

pounds. 

17L  Gtjnmon  SMfphttrh:  Add  (H  O,  S  O^), 
Charcoal  and  pho^^phoma  on  burning  take  up  the 
greatest  quantity  of  oi^ygen  with  whicli  l!iey  can  com^ 
bine,  and  wc  obtain  carbonic  and  phosphoric  acids.     If 
sniphttr  did  Ihc  samt'^  nothing  would  be  easier  than  to 
invert  it  into  Htdphimc  aeid.     But  sulphur^  on  burn- 
forms   sulphurous  acid   (B  Oj),  that  ui,   300 
15 
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vmghi  of  sulphur  (1  atom)  combines  with  200  in 
weight  of  oxygen  (2  atoms).  To  convert  tins  into 
sulphuric  acid,  it  must  be  compeUed  to  take  up  an- 
other 100  in  weight  of  oxygen  (1  atom).  This  is  done 
by  a  body  which  is  very  rich  in  oxygen,  and  wliich  like- 
wise readily  parts  with  it,  namely,  by  nitric  acid, 

Experiment  —  Fasten  some  bits  of  gulpbur  to  an  iron 
wire,  inflame  and  hold  them  in  a  capacious 
bottle  containing  a  little  water,  until  fhe 
blue  sulphurous  flame  is  extinguished ;  the 
bottle  becomes  filled  with  a  white  smoke, 
which  is  recognized  by  it«  odor  as  sulphur- 
ous acid*  (§  64*)  If  you  now  introduce  a 
shaving  moistened  with  nitric  add  into  the 
veasel^  reddish-yellow  fumes  will  immedi- 
ately form  aronnd  the  wood,  gradually  fiiling  the  whole 
bottle.  These  fumes  are  nitrous  acid,  and  their  evolu- 
tion indicates  that  the  sulphurous  aeid  has  withdrawn 
oxygen  from  the  nitric  acid,  and  has  been  oxidized  and 
converted  into  sulphuric  acid.  After  some  time  tho 
flask  becomes  clear  ag^iin,  because  the  vapor  of  fhe  sul* 
phuric  acid  formed  sinks  to  the  bottom,  and  dissolves  in 
the  water,  and  we  can  now  once  more  burn  sulphur  in 
the  botfle-  If  we  repeat  this  operation  sev*^ral  timc^, 
we  can  soon  prepare  a  lew  ouncei^  of  Jilufrd  sulfihimc 
acid, 

ExperimenL — Add  some  drops  of  a  soiution  of  a 
sail  of  barium  (chloride  of  barium)  to  a  portion  of  the 
acid  liquid  just  obtained ;  a  strong  white  precipitate  jm 
furnied,  which  dlsitppf^ars  neither  by  boiling,  nor  by  the 
addition  of  water^  nor  by  nitric  acid*  This  precipitate 
is  su^pkaie  ofbartfia^  a  salt  quite  insoluble  in  water  ajid 
acidA.  Add  one  drop  of  the  diluted  arid  to  a  winegla^s- 
ftill  of  w.tiT,  and  add  to  Uui*  u  MOntuin  nf  la^irnnTi :  t^vt-n 
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at  tliift  great  dilntion,  a  perceptible  cloudiness  vn\l  be 
prcKluced.  A  solution  of  chloride  of  bariuni,  or  of  ni- 
trate of  baryta,  are  the  rno^t  certain  reagents  for  detect- 
ing sulphuric  acid  and  sulphates, 

172.  The  mamfaciure  of  cammon  Bulplmrk  acid  an  a 
Itir^c  &cah  is  condnctcd  on  the  ssame  principle  as  in  the 
lust  ejt|>crimetit  but  one*  The  le^ulphur  i&  burnt  in  an 
;^oven,  from  which  a  pipe  leada  into  large  leaden  chara- 
Vessels  containing  nUric  add  ore  placed  in  one 
'  tlie  chrunbern,  and  some  water  ia  poured  upon  tlie 
floor.  The  suiphurous  ackt  abstracts  one  atom  of  oxy- 
gen after  another  from  the  nitric  acid,  till  this  is  con- 
verted into  nitrjc  oxide.  The  iiUnc  ojdde  formed  now 
acts  in  a  very  peenliar  manner.  It  hai*  been  stated 
{\  1G3)  that  this  gas  (N  O^),  on  coming  in  contact  with 
ibr  air,  immediately  abstracts  from  it  one  atom  of  oxy- 
gon, forming  ycllowjsh-red  fumes  of  nitrons  acid  (N  O3) ; 
the  same  thing  takes  place  in  the  leaden  chambers,  since 
air  also  (lows  in!**  the  chambers  at  the  game  time  with 
the  EuI|>hurouii  acid.  The  nitrous  acid  willingly  gives 
up  again  this  one  atom  of  oxygen  to  bodies  which  have 
a  dedre  for  it.  Such  a  body  is  sulphurous  acid.  Al- 
though it  is  too  inert  to  take  the  oxygen  directly  from 
the  air,  it  nevertheless  receives  the  oxygen  very  willingly 
when  it  is  presented  to  it  by  the  nitrous  acid*  Thus 
the  latter  beeomea  again  converted  into  nitric  oxide,  but 
the  former  into  suljfhuric  acid*  The  nitric  oxide  again 
takes  oxygen  from  the  air,  and  gives  it  up  again  to  the 
sulphurous  acid,  and  continues  to  perfurm  this  service 
mfi  long  as  any  oxygen  is  present.  FinaUy,  it  is  allowed 
to  escape,  together  with  the  remaining  nitrogen  of  the 
air.  But  it  ir*  estrtenUal  for  the  suct*css  t>f  this  process, 
that  vapor  be  also  present ;  therefore  steam  i^  continue 
ally  conductetl  into  the  ehaml>eTs  from  a  steam-boiler* 


< 
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This  steam^  tegtitber  with  the  aulphurie  acid  forimed, 
condenses  on  the  cold  widls,  and  i:oIlect3  on  the  (loom 
of  the  chambers  as  an  acid  liquid-  The  aoBexed  figure 
tends  to  elucidate  this  pfoeeBa* 


PirM. 
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LBy  means  of  this  remarkable  property  of  nitric  oxide?, 
ifc  has  become  possible,  with  an  ounce  of  nitric  acid,  to 
obtain  from  10  ounces  of  sul[)bur  30  oanoes  of  eonecn- 
trat^d  common  anjphuric  add.     If  the  three  ;  f  J 

oxygen  released  from  the  nitric  acid  werp  all  ^ 
|en  that  operated,  we  should  require  more  than  20 
ounces  of  nitric  acid  to  prf*ptire  30  ounces  of  sulphuric 
aciA  There  are  now  some  laboratoriea  for  the  r^ann* 
factnrc  of  sulphuric  acid>  of  such  colossal  size^  that  they 
able  to  deliver  diiily  sevenil  Imndred  quintals 
spared  add*  Tlie  dilated  acid  formed  in  the  leadrj 
^kiillbers  requires  still  to  be  evaporated  down  nearly 
one  half,  in  order  to  convert  it  into  common  con  f 

sulphuric  acid.  This  evapuniUon  is*  comnir:.  .  ii 
leaden  veasela,  and  Gniahed  in  glass  or  platinum  re- 
torts.     The  water,  being  more  volatile,   >  I 

e&ffricS    OtT   uilh     Xl    nuK-  .t    ^m-AX    vu-rtlrui  j. 
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len  the  specific  gravity  of  the  latter  becomes  1.84, 
that  bj  when  IS  10  grains  of  the  aeid  can  be  put  into  a 
vessel  capable  of  con taiiiing  just  1000  grains  of  water, 
the  evaporation  h  slopped,  and  the  acid  i3  tjansfcrred 
to  large  glass  bottlesj  or  carboys.  One  pound  of  com- 
mon sulpliuric  acid  contains  three  ounces  of  water,  attd 
consists  of  one  atom  of  acid  and  one  atom  of  water;  but 
thiit  atota  of  water  is  retained  so  firmly,  that  it  cannot 
be  expelled  by  any  heat     This  acid  is  therefore  caUt5d, 


i#,  hi/ 

nil  . 


'  una  ackL  =  H  O,  S  Oa 


^  wifh  Suiphuric  At  id 

Experimenl  a. —  Let  some  sulphuric  acid  remain  in 
an  open  flask  exposed  to  the  air;  it  will  increase  every 
day  in  weight,  ybr  U  vftrt^  ca^erh/  uUracts  water  from  i/ie 
air.  After  standing  for  some  months  in  a  damp  placc^ 
it  will  become  two  or  three  timc^  heavier  than  before. 
ThiJ*  explains  why  the  niatcK*flasks  formerly  in  use  so 
readily  became  sativated  with  waf-en  8o^e  sub- 
stances imprt^gnatcd  with  water,  especially  gases,  are 
dried  by  means  of  sidphurie  acid, 

EjtperimeM  b.  —  A  piece  of  wood  introduce  into 
sidphuric  acid  becomes  black,  and  is  reduced  to  coal,  as 
if  it  had  been  exposed  to  the  Ikme  of  a  lamp.  The 
sulphuric  acid  seizes  upon  its  hydrogen  and  oxygen, 
which  combine  to  fonn  water,  and  the  carbon  is  left 
beiiind«  Wood  may  be  charred  in  this  way,  in  order  to 
protect  it  from  decay  in  moist  situations.  In  the  refin* 
ing  of  burning-oil,  the  slime  of  tiie  oil  is  charred  by  sul- 
phuric acid*  Siilphunc  acid  churs  ami  dtsiroi^B  fnast 
vejg^ciabie  ami  animal  sul/atances* 

Erperimcnt  r.  —  Pour  a  drop  of  oil  of  vitriol  upon 
paper;  decomposition  takes  place  slowly;  but  it  will 
take  place  inHtimtaneou^ly,  if  «iome  dro^is  of  water  are 
added,  because  water  and'  sulphuric  acid  unite  (ogettwiT 
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tmih  tlie  evolution  of  strong  hetil.  For  this  reason,  wlK»ri 
sulphiaric  add  comes  in  contnct  with  thf  skin,  it  shimJd 
first  be  wiped  olF  with  dry  paper  or  cloth,  and  then  be 
immediafdy  washed  with  a  great  quantity  of  water. 
If  50  measures  of  sulphuric  acid  arc  mixed  with  f»0 
measures  of  water,  wc  do  not  obtain  100  raeaaare**, 
but  only  97  measures,  of  liquid;  oonsequentjy  a  con- 
traction or  condensatian  has  occurred,  whicli  conden- 
sation is  always  attended  with  the  libftration  of  heat- 

Exjierimeni  cL  —  Pulverize  a  small  quantity  of  tmiigOy 
and  form  a  thin  paste  of  it  with  firming-  sulphuric  acid. 
Ai\t'f  a  few  day.9  add  to  it  some  water*  and  you  obtain  a 
deep  blue  liquid,  —  solution  of  indigo*  With  this  solU' 
tion  wool  may  foe  dyed  of  a  liue  bhie  color  (Saxon-blue). 
Common  sulphuric  acid  dissolvci*  indigo  only  imper* 
fectly*  Indigo,  although  a  vegetable  substance,  is  not 
carbonized  by  sulphuric  addythusrormingan  cxet*ption 
to  the  general  rule. 

Ex^^erimeni  e,  —  Ifj  during  the  winter  season,  you 
place  one  vessel  containing  fuming  sulphuric  nrid,  ami 
another  containing  the  conunon  acid,  in  a  oold  place, 
the  stronger  oil  of  vitriol  will  frcestc  at  O'^  C,j  but  the 
weaker  common  sulphuric  acid  will  not  freeze  until 
the  temperature  falls  to  — 3^1  '  C. 

Mcpcnmeiit  f  —  Dissolve  half  an  ounce  of  the  e^oda 
of  tlie  shops  in  warm  water,  and  ficutndi?:e  with  dilute 
sulphnrtc  acid ;  evupornte  until  a  film  iorm^  over  the 
siu^facc,  whf^n,  on  cooling,  pristmalie  cj-ytitab  wiU  be  de- 
posited ;  they  possess  tk  bitter  saline  tastc!,  and  are  ran/y 
sohthle  in  water.  The  common  sodri  of  the  nhapa  is 
oirbonutr  of  soda  (NaO^  C  OJ  ;  the  carbomc  acid  is 

placed  by   the  Hfrongcr  sulphuric  acid,  and  C9t'np**i» 

ith  r'^-  " '  ficc,  but  mili»hate  of      '     ''  '*     '    r   idtn) 

renrniM  ..i  in  the  liquid*     AL^  .vater 
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eotiiains  small  qnanKties  of  soluble  sulphates;  the  in* 
aolubk  or  almost  insoluble  sulphates  are  often  aecti- 
mukted  in  cnormom  masses  in  nature,  forming  whole 
TBOuntainSf  as,  for  instance,  gypsum* 

Experimeni  g^  —  Mix  to  a  thin  paste  half  an  ounce  of 
lithaige  with  water,  and  add  gradually  a  quarter  of  an 
ounce  of  common  sulphuric  add ;  after  a  while  a  white 
insoluble  body  is  formed.  The  acid  unites  with  the 
oxide,  forming  sulphate  of  the  oxide  of  lead ;  this  is  an 
imohibk  mlL 

Miperimeni  L — To  half  an  ounce  of  eopper  scales, 
such  as  fall  olT  in  copper  founderies,  add  two  ounces  of 
water,  and  then  gradually  two  tliirds  of  an  ounce  of 
iulphuric  acid,  and  put  it  In  a  warm  place;  you  obtain 
a  blue  solution,  from  which  afti^rwards*  blue  oblique, 
rhomboidal  crystals  will  be  deposited.  The  edges  of 
these  crystals  arc  usually  ohtuaej  giving  to  the  slender 
Bidea  a  rooWike  appeamnce.  Copper  scales  are  oxide 
of  copper;  and  tliey  combine  with  the  acid,  forming 
sulphate  of  oxide  of  copper  (blue  vitriol),  a  soluble  salt 
By  the  designation  vitriol  is  always  to  be  uDderstood 
a  sulphate  of  a  metallic  oxide.  Copper  or  iron  vessels 
ore  cleaned  more  rapidly  and  made  brighter  by  water 
to  which  some  sulphuric  acid  has  been  added,  than  by 
simple  water  alone,  because  the  oxide,  which  tarnished 
the  vessels,  is  dissolved  by  ihc  acid. 

KtpefimetU  t*  —  Put  a  small  iron  nail  into  a  test-tube, 
and  drench  it  with  20  drops  of  common  sulphuric  acid ; 
it  is  not  acted  upon.  But  if  you  add  a  little  water,  about 
four  or  five  times  more  than  the  acid,  a  brisk  eflerves* 
cenee  wiU  easuc^  and  the  iron  wiU  be  dissolved.  The 
strong  acid  may  b«  hea trd  to  boiling  in  iron  vessels 
witboat  acting  upon  them^  which  is  by  no  means  the 
I  witli  the  diluted  acid.     It  has  beea  stated  iS^\ 
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that»  in  this  experiment^  hydrogen  escapes,  and 
phate  of  iron  remains  in  aoiutioii-  The  iron  beccMHC 
protoxidt*  of  iron,  iiot  through  the  oxygen  of  the  acid, 
but  through  that  of  the  wat^n  Zinc  and  t.ui  comport 
themselves  in  the  same  manner*  CQnsequcntly,  diluied 
acid  must  be  employed  for  dissolving  such  nietals. 
But  tile  re  are  ako  metals  which  dissolve  only  in 
stronger  acid,  for  instaace,  copper,  silver,  &c;  this  will 
be  treated  of  more  fully  under  sulplmroua  acid. 

ExperimeiU  k  —  If  a  meadow  or  field  be  irrigated 
with  one  pound  of  sulphuric  acid,  .diluted  with  1000 
pounds  of  water,  i\w  soil  will  be  rendered  more  fertile 
and  productive.  The  reason  is,  that  the  sulphuric  add 
decomposes  and  rendera  soluble  several  kinds  of  eanlij 
whereby  soluble  sulpiiates  are  formed,  which  arc  at 
sorbed  by  the  plants,  and  accelerate  their  growtb.  Sul* 
phuiic  acid,  if  only  100  times  dtluTed,  has  the  contrary 
effect,  and  may  serve  for  destroying  grass  and  weeds 
in  alleys,  &.c. 

2.)  Suiphurous  Acid  (SO,). 

174,  This  suffocating  gas  h  formed,  not  only  by  thi 
combustion  of  sulphur,  but  may  aim  be  prepared  from 
sulphuric  acid,  by  depriving  this  acid  of  one  atom  olj 
oxygen. 

EtperimcjU.  —  Put  into  a  flask  (sec  Fig*  93)  half  an 
ounce  of  copper  filings,  and  two  ounces  of  conn  nun  t*ul* 
phuric  acid,  and  conduct  the  gag  {S  O/),  as  it  escapes,  into 
a  four-ounce  botde  filled  with  >^iiter  (for  the  prtx'autiou 
to  be  taken,  see  §  92) ;  the  gas  will  be  absorbed  by 
water  in  great  quantitie:?,  and  will  impart  to  it  an  acid 
taste  and  a  sufToeating  odor,  like  that  of  burning  !$ul* 
phur*  One  measure  of  water  dii^solvca  about  fiirty^ 
meanuren  of  j<nlj>htironj<5  acid.  When  the  gas  c<*a«c«  to] 
be  absorbed  by  the  water,  aubatitute  a  ihink  filled  wjtb 
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m  eohitlon  of  carbonate  of  soda;  this  Uke^i^  absorbs 
the  ga3,  and  forms  with  it  sulphite  of  soda,  while  the 
li'  add  of  the  carbonate  of  soda  escapes*  After 
lit  cvapomtioiij  the  salt  formed  will  aboot  out 
into  white  crystalsj  now  known  in  commerce  by  the 
fiame  of  antichlorine ;  it  is  able  to  bind  the  chlorine 
that  may  happen  to  remain  in  the  material  during  the 
lileachtng^  and  to  render  it  harmless.  Sulphite  of  »oda 
liji.^  not  the  odor  of  sulphnroua  acid,  unless  when 
dixtnehwl  with  dlhited  **ulphunc  acid,  whicli  cptobinea 
with  the  soda,  and  expels  the  feebler  sulphurouii  acid. 

Kjcperimetd. —  Infime  logM^ooiI  isliavings  in  warm  wa- 
ter, and  pour  on  the  dark  liquid  tliUH  obtained  some  sul- 
phurous acid  watiT;  a  decolorizution  of  the  liquid  will 
imn  '■  *  '  'ice*  Sulphurous  acid  bleaches  vrg^ 
eiai'-  ,  wool f  silk,  and  eat ^it  —  indeed  ani- 

mal substances  especially —are  quite  generally  bleached 
with  sulphurous  acid.  The  most  simple  method  h  to 
mob  ten  them  with  wateri  and  suspend  them  in  a  cham- 
ber or  in  a  box,  on  tim  floor  of  which  is  pbiced  a  vcs- 
Bel  eantaining  burning  sulphur*  The  bleaching  power 
of  this  acid  is  beautifully  cxenjpijfied  by  holding  a  rose 
or  a  peony  over  a  burning  stick  of  sulpliur.  If  some 
drops  of  strong  sulphuric  acid  be  now  added  to  the 
bleached  infusion  of  logwood,  the  previous  dark  red 
color  willa^ambe  restored;  consequently  the  eubring 
matter  hat*  not  been  completely  deislrnyed  by  the  sul- 
phurous acid,  as  it  woidd  have  been  by  chlorine;  but  it 
has  only  combined  with  the  acid,  forming  a  colorless 
coiTibination,  which  may  be  broken  up  again  by  a 
t^tronger  acid. 

Ejcperimeni^  —  If  a  lighted  taper  is  held  oi^er  burning 

'  sulphur,  or  introduced  into  a  vessel  of  sQlphurous  acid 

gas,  it  will  be  tjUin^ufied^  us  it  was  by  nitrugirn  or  by 
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carbonic  acid*  The  continued  combustion  ia  prevented, 
because  the  gas  contains  no  free  oxygen.  It  may  be 
now  readily  explained  how  cMmneya  on  fire  are  extin- 
guished by  scattering  sulphur  on  the  coals  beneath ;  the 
sulphurous  acid  gas  ascends  in  the  chimney,  and  ex- 
pels the  atniosphcric  air  present  in  it;  the  glowing  soot 
is  thereby  deprived  of  the  free  oxygeoj  and  ii  extin- 
guished* 

173,  It  now  remains  to  inquire,  what  has  become  of 
the  copper  and  the  sulphuric  acidj  from  which  the  sul- 
phurous acid  was  prepared. 

MtperimerU,  —  When  the  residue  in  the  Hask  has  be- 
come coldj  add  water  to  it,  and  heat  it  gently  to  boiling, 
until  the  whole  saline  mass  is  dissolved*  The  solution 
is  dark  and  turbid^  because  fine  particles  of  coal,  eon* 
tained  in  almost  every  metal,  arc  doating  about  in  St; 
but  after  filtering,  it  is  of  a  beautiful  blue  color^  and 
transparent.  If  allowexl  to  dooI  slowly,  blue  erystub  of 
sulphate  of  the  oxide  of  copper  (blue  vitriol),  of  con- 
sider able  si^e,  are  formed;  it  is  identical  witli  the  salt 
obtained  by  the  solution  of  the  copper  ecales  in  gtil- 

ph  uric  acid.     Th   - n 

by  which  the  co^  i^ 

oxidized  proceeded  troin 
the  sulphuric  acid,  half  of 
whicfi  gave  up  an  atom 
of  oxygen,  and  was  thtie* 
by  ronvi-rted  into  sulphur- 
ous acid^  but  thu  other 
half  combined  with  the  oxide  of  copper  just  formed. 
If  copper,  like  iron,  could  he  i.     ''     '  '       '  ( 

wutcr^  <hen  one  ounce  of  sul\  i  ) 

onnees,  would  have  sutiiced  for  halt  an  ounce  af  cM^ppisr 
Consequently,  in  pfeporiog  blue  Titfioli  it  would  be 


Yoktllt. 


FDOSPHOnVS   AND    OXYOEPT. 


179 


iTnofG  ecooomical  previously  to  convert  the  copper  into 

[an  oxide  by  heating  it  in  the  air,  and  then  disgolving  it 

^iji  sulphuric:  acid.     Silver  and  mercury  compart  them- 

selves  aUo  like  copper.     When  they  are  to  be  dissolved 

ill  sulphuric  acid,  concfntrated  acid  must  be  used* 

When  larger  quantities  of  sulphurous  acid  are  re- 
quired, it  is  usually  pre- 
pared  by  heating  sulphuric 
acid  with  charcoal.  The 
coal  likewise  abstracts  one 
atom  of  oxygen  from  the 
Bulphuflc  acid,  and  be- 
eames  converted  into  carbonic  oxide,  which  escapes  in 
company  with  the  sulphurous  acid. 


1 


Vulalik, 
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TIio  followng  pToportions,  in  weight,  of  sulphur  an 
'oxygen,  always  exist  in  tbe  t%vo  combinations  just  con- 
sidered :  — 

)  ox.  of  ftil|)har  and  300  os,  of  oxjgen^  or  1  at.  S  itnd  3  cut.  O,  fomi  S  Oj. 
**   200  **  '"        "  I   **  Sftada   "   O,     "    SOa. 

Sulphur  forms  vnih  oxygen  several  other  acid  com- 
biiiationg,  as  hyposulphmjc  acidj  trithionic  acid,  hypO' 
snlphurous  acid,  tctrathionic  and  pentathiome  acids; 
but  the&e,  nM  leas  important,  will  not  be  treated  of  hare. 


PHOSPOORUB  AND  OXTGEN. 


X}  Plmsphonc  Acid  (?  O,). 

176w  When  phoitphorus  burns  with  a  flame  in  oxy- 
gen, or  in  the  air,  a  white  acid  vaporj  called  phospkoric 
(§6S),  is  formed;  400  grains  of  phosphorus  are 
hcteby  always  combined  with  500  grains  of  oxygen^  or 
atom  of  phosphorus  with  5  atoms  of  oxygen;  this 
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acid,  oonsequently,  has  the  formula  POj*  If  pho,i- 
phoma  19  burned  arider  a  dry  bcll-glassj  Oib  vapor  will 
be  deposited  as  a  white  powder  (anhydrous  phosphoric 
ftcid),  which  diUques€es  in  the  air,  but  ditmolveB  ia  wa- 
ter, for  phosphoric  acid  is  hygroscopic,  and  easily  boIu- 
ble  in  water.  Such  a  solutiou  may  aUo  be  obtniiied  by 
boiling  phosphorus  a  long  time  with  nitric  acid*  In  the 
prt'paration  of  it  by  combustionj  the  air  farui&hen  tiie 
roxygen ;  on  boiling  with  nitric  acid,  the  add  itself  ^^up• 
plies  it  We  find  phosphoric  acidj  howe%"er,  already 
existing  in  mapy  substances,  especially  in  the  bams 
of  tfae  Mammalia  and  birds,  from  which  it  may  be 
prepared. 

ExperimtnL  —  Weigh  a  fitme,  pnt  it  in  a  famace-fire, 
and  let  it  remain  there  for  some  hours  ;  it  first  bt^eoniea 
black  and  then  again  white.  Now  take  it  from  the  fire 
and  again  weigh  it ;  tt  has  lost  about  one  third  of  its 
weigfit  That  which  was  Inst  in  burning  was  gehitintSi 
whicli  was  fiiBt  charred  by  the  heat  and  then  consumed, 
that  is^  converted  into  gas,  which  volatilized  f  the  wj- 
maining  non-volatile  parts  are  called  bone-ashes^  and 
consist  principally  of  phosphate  of  lime.  Reduce  this 
to  a  fine  powder.  Put  two  thirds  of  an  ounce  of  ll  into 
a  flaj^k,  and  add  to  it  half  an  ounce  of  sulphuric  acid 
and  four  ounces  of  waU*r ;  let  it  stand  for  some  daju  in 
a  warm  place,  occasionally  shaking  it.  Then  pour  the 
ftomrwhat  thick  mass  upon  a  cloth,  and  squecjje  out  the 
liquid.  Tills  contains  no  longer  snlphurlc  acitl,  but 
phos|)horic  acid,  with  a  little  lima  The  sulpharic  acid 
fcmains  on  the  cloth  ;  it  has  combined  with  the  lime,  and 
'*vTi,-]ied  the  phosphoric  add.  The  jtulphate  of  lii»  *-  ^*f 
nm^  {§  10  Ij)  in  then  waidied  with  water  and  *] 

Snlphurie  acid  in  the  moist  way  in,  ad  we  sec,  strungttr 
pbospboric  acid,  but  at  a  red  hemt  tbo  ooiitrary 
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the  case;  if  gypsnm  ia  heated  to  rcdtiess  with 
pho?*pliork  acid,  I  lie  suJpharic  acid  will  be  driven 
oti",  so  exLracjrdliinry  are  the  charjgei  which  a^mities 
uxpcrieiiee  at  diffeirnt  temperatures.  At  a  great  heat, 
f '  '  '  volatile  acidj3  are  always  the  strongest ;  among 
1  longs  phosphoric  add,  since  it  does  not  volatil- 

fee  until  it  attains  a  white  heat.  If  this  phosphoric  acid 
evaporated,  we  obtain  it  (still  containing  some  lime), 
first  as  a  sirupy  liquid,  and  finally  as  a  vitreous  solid  mass- 
To  detcet  phosphoric  add,  add  to  a  solution  of  it  some 
irf nitrate  of  silver  and  ammonia ;  a  yellow  prccipi- 
ii  produced  (phosphate  of  the  oxide  of  silver).  But 
if  th«  acid  had  been  previously  ignited,  the  precipitate 
would  have  been  w^hite ;  consequently,  the  properties  of 
phosphorus  are  partially  changed  by  strong  ignition*  A 
more  accurate  test  consists  in  adding  to  the  liquid  under 
examination  a  few  drops  of  a  solution  of  Epsom  salts 
and  ammonia ',  if  phosphoric  acid  is  present,  a  crystal* 
line  precipitate  (^  251)  is  formeiL 

The  body  of  an  adult  man  contains  about 
from  9  to  12    pounds  of  bones,  containing 

6  **    8    pounds  of  bone  ashes,  containing 

7  pounds  of  phosphate  of  lime,  containing 
3  pounds  of  phosphoric  acid,  containing 
1 J  pounds  of  phosphorus, 
I  i*  are  also  contained  in  the  blood,  flesh,  and 
-m  of  the  body.  Whence  docs  it  obtain  this 
phosphorus?  Answer;  from  the  meat  and  vegetables 
hich  it  consumes*  The  phosphate  salts  occur  in  bread, 
ail  kinds  of  gmin,  in  leguminous  and  many  other 
plants,  particularly  in  their  seeds.  But  how  do  the 
lants  obtain  ih  ^^?     By  means  of  the  soil.     If 

B  land  com,  ">  sufh  salts,  no  seeds  could  be 

uccd.     If  wc   increase   their  quantity  by  mixing 
ne-ashes  with  the  soti,  we  fiboo  the  latter  in  a  sltcta^ 
16 


4 


m 


5  " 
1  « 


P1-. 

(otbr-r 


J 


les 


ACIBS. 


tion  to  prodncse  a  larger  quantity  of  grain  *  confiequejit- 
ly,  bones  famish  tis  with  a  powerful  manure.  That 
the  gelatine  contained  in  them  contrjbuU?s  also  to  the 
growth  of  plants^  wiU  be  treated  of  hereafteri 

2,)  Pkospliorom  Acid  (¥ O:^). 

177.  This  acid,  which  contiiins  for  ona  atom  of  phos* 
phoms  only  three  atoms  of  oxygen,  is  fcinned  princi- 
pally when  pbosphonis  is  slowly  btirntf  thai  i^,  when 
without  being  heated  it  takes  up  oxygen  from  the  air, 
as  was  shown  in  §  140. 

3.)  A  combination  of  equal  niomB  of  phospborua  and 
oxygen  is  called  hr/pophosphorotis  add. 

4.)  Oxide  of  Phosphorus  (V^O).  Tlie  red  ^nbetance 
formed  during  the  imperfect  combastion  of  phosphorus 
{§§  112,  143)  contains  even  lej^s  oxygen  than  li  *    - 

phuruuB  acid,  and  is  oxide  of  phospkarus  (mr  -  .  li 
red  pho?phorus,  §  139), 

In  phot^p boric  acid  (P  O.-.),  400  ounces  of  phosphorus 
are  always  combined  witb  500  ounce?*  of  oxy^'t*n,  or  I 
atom  P  with  5  atoras  O;  in  phosphorous  acid  (P  O^), 
400  ounces  of  pho?phonis  are  always  enrnljinnd  willi 
300  ounces  of  oxygen,  or  1  atom  P  with  3  atoms  O. 

cnXORdB  AND  OXYGEN.  ~ 


178.  ChJoritte  has  but  a  feeble  affinity  for  oxygen, 
[jd  in  ay  be  combined  with  it  only  in  an  indirect  way, 
id  with  the  assistance  of  strong  bases,  which  immtxli- 
ati^ly  unite  with  the  acids  produced,  forming  &afta, 

1;)  Hypochlorom  avid  is  a  combi nation  of  two  mcas- 
urt^  or  one  atom  of  chlorine  with  one  atom  of  oxvrrn 
(CI  Q)f  and  it  is  charactcrijtcd  by  its  power  of  de 
iJlg  all  iregt'tablt!  colore     It  m  rej^olvfd  wi'' 
into  free  cblorine  and  oxygen.     It  in  the  bL^^..i,^         - 
«iple  of  tlic  well»kno\vn  chkmde  of  lime. 

S4  Chloric  acid  couiidta  of  oao  atom  of  chloriue  and 
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five  atoms  of  oxygen ;  thus  its  formtJa  is  C!  Os,  As  It 
is  so  rich  in  oxygen,  and  releases  it  very  readily  when 
Ti«fited,  its  sattii  are  frequently  employed  for  obtainiitg 
Qxyg^n^  or  for  combining  other  substnnces  with  oxygen 
(oxidixlrig  thern).  The  salt  of  thia  kind  most  commonly 
employed  is  the  chlorate  of  poiassa,  which  was  used  tii 
eomc  of  the  earlier  experiments- 

3.)  Perchhric  acid  h  a  combination  of  one  atom  of 
ehJorilic  and  eevcii  atom  a  of  oxygen. 

Bromine  and  iodim  comport  themselves  like  ehlorinej 
and  ecirnbine  with  oxygen,  forming  acids,  which  are 
easUy  decomposed.  Fluorine  does  not  unite  at  aii  with 
oxygen, 

CYANOGEN  AND   OXYOEI?, 


179.  CyanogeUi  althoue^li  composted  of  two  elements 
(carbon  and  nitrogen),  eomports*  itjielf,  nevertheless,  ex- 
actly like  a  simple  body,  and^  moreover,  lilte  a  8aU.*formerj 
and  ciin  form  9e#ral  adds  with  oxygen.  Two  of  these 
are  of  great  interest  in  a  scientific  point  of  view,  becanse 
they  have  quite  the  same  eonstitution,  but  entirely  dif- 
ferent properties.  They  consist  of  equal  atoms  of 
eyanogcn  and  oxygen*  One  of  them  ia  called /w/mtm*? 
ackl  (CVi  Oj),  and  is  united  with  the  oxide  of  mercury  in 
fulminating  mereuryj  and  with  the  oxide  of  silver  in  the 
fulminate  of  silver.  The  wrIUknown  pcrcussion-eaps 
afftvrd  a  familiar  example  of  the  violence  with  which 
thes^e  »alts  explode^  on  being  rubbed  or  strack  by  some 
hard  body.  One  of  these  caps  contains  only  one  third 
of  a  grain  of  fnlminate  of  mercury*  The  fidminic  acid 
separates,  on  exploding,  into  two  gases^  nitrogen  and 
i  \i\  oxidi*,  whirh  frnddimly  occupy  a  space  several 

_i[ic        ud  iimeg  greater  than  before.     The  second  acid 
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is  called  cyanic  acid  (CyO);  it  likewise  decomposes 
very  readily,  but  without  explosion  or  danger. 

Bodies  which  contain  just  the  same  constituents,  and 
in  exactly  the  same  quantity,  but  at  the  same  time  are 
quite  dissimilar  in  their  properties,  are  called  isomeric 
(from  Torof ,  eqtuil^  and  fupot^  parl)y  or  similarly  constituted 
bodies. 

BORON  AND  OXYGEN. 

Boracic  Acid,  BO3. 

180.  Experiment.  —  Dissolve  in  a  porcelain  dish  half 
an  ounce  of  borax  in  an  ounce  and  a  half  of  boiling 
water,  and  add  muriatic  acid  by  drops  to  the  solution, 
until  the  liquid  gives  a  strong  acid  reaction ;  on  grad- 
ually cooling,  the  boracic  acid  will  separate  in  scaly 
plates,  which  are  purified  by  being 
again  dissolved  and  recrystallized. 
Boracic  acid  is  combined  in  borax 
with  a  base,  soda;  the  stronger 
muriatic  acid  seizes  upon  this  soda, 
and  forms  with  it  muriate  of  soda 
(or  chloride  of  sodium  and  water), 
which  remains  dissolved,  while  the 
less  soluble  boracic  acid  separates  from  the  liquid  in  crys- 
tals. There  are  some  places  in  Italy  where  hot  vapors 
containing  boracic  acid  issue  from  the  earth ;  large  quan- 
tities of  this  acid  are  now  obtained  from  these  vapors, 
by  conducting  them  into  basins  of  water,  where  they 
condense  with  the  boracic  acid. 

Experiment.  —  Take  a  piece  of  small  platinum  wire, 
about  two  and  a  half  inches  long,  and  bend  one  end  of 
it  into  a  hook ;  moisten  this  part  with  the  tongue  and 
dip  it  into  boracic  acid,  so  that  a  small  portion  of  it  may 
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TemaLn  adhering  to  the  platinum.     Now  direct  with  the 

I  Ups  a  stream  of  air  through  the  blow-pipe  into  the  flame 

df  a  spirit-lamp,  and  approach  the  boracic  acid  to  the 

point  of  the  horizontal  flame; 
it  will  first  melt  and  swell  in 
its  water  of  crystallization  into 
a  spongy  mass^  but  by  contin- 
uous blowing  will  be  converted 
into  a  transparent  glass  bead. 
Boracic  acid  does  710 1  volaiilize 
on   Ignition.     If  you   moisten 
the  glass  bead,  and  apply  to  it, 
either  powdered  chalk,  Ltthargej 
or  iron-rust,  and  again  heat  it  to 
^melting,  these  substances  will  unite  most  intimately  with 
ie  boracic  acid,  and  be  dissolved  by  it,  and  likewise 
f vitrified.     Most  of  the  combinations  of  boracic  aelds 
with  bases  become  vitreous  on  heating ;  that  is,  they 
melt  together,  forming  sometimes  a  white,  and  some- 
1.  times  a  colored  glass. 

181,  The  blow-pipe  is  an  excellent  instrument,  on  a 
I  ©mall  scale,  for  volatilizing,  heating  to  redness,  meltingj 
oxidizing,  or  reducing  substances.     A  double  combus- 
tion takes  place  in  the  blow-pipe  flame,  in  the  interior 
kby  means  of  the  air  which  is  blown  into  it,  and  exter- 
.  nally  by  means  of  the  atmospheric  air^     By  this  means, 
.  two  cones  of  light  are  formed,  a  smaller  interior  cone,  of  a 
blue  color,  and  a  larger  exterior  cone,  of  a  ycUowdsh  ap* 
pearance ;  the  former  is  called  the  reducing  Jlame,  the  lat- 
ter the  oxidizing  fiame.  If  you  wish  to  take  oxygen  from 
ka  body,^ — for  instance^  from  an  oxide,  —  hold  it  at  the 
^  point  of  the  blue  interior  flame,  where  it  meets  with  soot 
i  or  carbon,  which  combines  with  the  oxygen  of  the  oxidct 
^.Corming  carbonic  acid.     But  if,  on  the  other  hand,  a 
16* 
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body  is  to  be  oxidized,  then  it  is  held  at  the  point  of 
the  outer  flame,  where  the  oxygen  of  the  air  can  have 
firee  access  to  it  In  order  to  acquire  a  practical  knowl- 
edge  of  the  blow-pipe,  first  attempt  to  convert  a  piece  of 
lead,  placed  upon  charcoal,  into  an  oxide,  by  exposing 
it  to  the  outer  flame ;  and  afterwards  to  restore  this 
oxide  to  its  original  metallic  state,  by  exposing  it  to 
the  inner  flame,  in  order  to  reduce  it  The  habit  must, 
moreover,  be  acquired,  of  breathing  through  the  nose 
while  blowing,  and  to  do  this  the  cheeks  must  be  kept 
constantly  distended.  When  this  habit  is  acquired, 
the  chest  is  no  longer  strained  by  blowing,  and  a  long 
uninterrupted  stream  of  air  may  be  kept  up. 

182.  Experiment.  —  If  you  mix  some  boracic  acid  in 
a  mortar  with  alcohol,  and  kindle  the  latter,  it  will  burn 
with  a  green  flame.  In  this  way  boracic  acid  may  easi- 
ly be  detected.  Some  of  the  acid,  though  not  volatilized 
by  heat,  as  shown  in  a  previous  experiment,  escapes  with 
the  alcohol.  Other  bodies  also  exhibit  a  similar  incon« 
sistency ;  when  heated  by  themselves,  they  are  complete- 
ly non-volatile,  but  they  volatilize,  and  frequently  at  very 
low  temperatures,  when  they  Jind  themselves  in  company 
with  another  body  which  is  very  volatile.  Thus,  in  the 
present  instance,  the  alcohol  is  the  occasion  of  the  vola- 
tilization of  the  boracic  acid.  Hot  steam  will  also  ren- 
der large  quantities  of  non-volatile  silicic  acid  volatile, 
and  carry  it  off  with  itself.  Common  salt  is  constantly 
taken  up  by  the  vapors  which  rise  from  the  ocean  into 
the  air;  it  is  again  precipitated,  with  the  rain,  and  in 
this  manner  is  diffused  over  the  whole  earth. 

Boracic,  like  phosphoric  acid,  is,  in  the  moist  condi- 
tion, a  very  weak  acid,  but  at  9-  glowing  heat  it  is  one 
of  the  strongest  acids. 


SILICON    AKD   OXVaENi 


SILICON  AND  OXYGEN. 

8Ukk  Acid,  or  Silica  (Si  O,). 
188.  That  which  h  commonly  called  flint  is  called 
in  chemistry  sUicir  acid      We  find  it  tolem- 
FJf*  «3.     bjy  pure  in  quartz  and  flintj  and  in  rock  crys- 
tal often    beautifully  crystallized  in  six-sided 
prbmsi  or  six*5ided  pyramids,  and  so  tran^>fir- 
ent^  that  ornamental  stones,  the  so-called  Bo- 
hemian diamonds,  are  made  from  it     The  red 
cornelian,  the  violet  amethyst,  the  green  chryi* 
opra»t%  the  variegated  agate    and  jan^per,  the 
opal  and  chalcedony,  —  these  well-lcnown  pre- 
cious stones  consist,  likewise,  of  silica ;  their  colors  are 
chiefly  owing  to  the  presence  of  metaUic  oxides.     Com* 
mon  »tLnd  is  rendered,  by  hydrated  oxide  of  iron  (nist), 
yellow  or  brown  colored  silica.    In  its  natural  state,  silica 
13  90  hard  as  to  give  sparks  with  steel,  and  is  quite  in- 
soluble in  water  and  acids,  except  hydrofluorie  acid-     It 
may,  perhaps,  seem  astonishing  to  some,  that  sneh  bodies 
8?  OUT  common  stvnd,  or  flint,  should  be  ineloded  among 
the  acida.     The  reason  is,  that  silica,  just  like  other 
|:mcid5,  combiner  witlj  bastes,  and  fiirnv^  salts, 

Experimeni.  —  Boil  in  a  porttelain  vessel  one  drachm 
of  finely  ground  sand  and  two  drachms  of  caustic 
alkali,  wiih  one  ounce  of  wattT,  for  some  hours,  sup- 
plyinij  the  wat**r,  oeras^ionally,  as  it  evaporates;  then 
let  the  mixture  »tatid  in  a  clostxl  vessel,  for  the  impu- 
rities to  settle.  Part  of  the  sand  dissolves  in  the  alkali, 
and  forms  with  it  a  thiekish  opalescetit  mass.  U  you 
tuld  muriatic  acid  to  this  sohitiont  a  thick  gelatinous 
precipitate  of  silicic  acid  will  be  formed*  If,  on  the 
contrary,  yon  previously  dilute  the  liquid  with  from  ten 
to  twelve  times  He  quantity  of  water,  and  then  remove 
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the  potassa  by  muriatic  add,  .the  liquid  will  remain 
dear,  and  the  silicic  add  remain  dissolved  in  the  water. 
But  this  solubility  is  destroyed  as  soon  as  the  solution 
is  evap>orated  to  dryness,  and  the  silidc  add  is  then 
thrown  down  as  a  white  powder,  which  is  completely  in- 
soluble in  water.  Thus,  as  is  obvious,  silidc  add  exists 
also  in  two  quite  dissimilar  isomeric  modifications,  one 
insoluble^  as  occurring  in  siliceous  stones  and  rocks ;  and 
another  soluble^  as  found  in  plants  and  water. 

Almost  all  our  springs,  as  well  as  our  plants,  contain 
small  quantities  of  silidc  acid.  If  we  evaporate  spring- 
water,  we  find  silica  in  the  insoluble  residuum ;  and  if 
we  burn  a  plant,  we  obtain  it  in  the  ashes.  Grasses, 
and  the  difierent  sorts  of  grain,  are  particularly  rich  in 
silica,  and  for  this  reason  they  have  been  called  siliceou* 
plants.  Silica  is  to  these  plants  what  bones  are  to  men, 
—  the  substance  to  which  the  stalk  owes  its  firmness 
and  stifihess.  If  the  soil  is  defident  in  soluble  silica,  (or 
if  there  is  not  enough  potassa,  which  renders  the  silica 
soluble,)  these  properties  will  be  wanting  to  the  stalk, 
and  It  will  bend  over.  The  horse-tail  plant  (Equise- 
turn)  contains  so  much  silica  that  it  may  be  used  for 
polishing  wood.  Silicic  acid  is  found  even  in  the 
animal  kingdom,  particularly  in  the  class  of  Infusorice, 
which  are  only  visible  under  the  microscope ;  the  shells 
of  many  Infusorise  are  formed  of  silicic  acid. 

The  combination  of  silicic  add  with  bases  may  be 
effected  more  coinjiietely  by  fusion.  Most  of  the  sili- 
cates thus  obtained  are  amorphousj  and  are  said  to  be 
vitreous.  Silicic  acid  has  in  this  respect  the  greatest 
resemblance  to  boraclc  add,  and  it  also  resembles  it  In 
being  an  extremely  feeble  acid  in  its  moist  state;  but 
when  heated,  on  account  of  Its  non-volatlUty,  it  sur- 
passes all  other  acids  in  strength.    In  its  isolated  state, 
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4,  'Hie  addd  hate  an  ocirf 


mad  Ibo 


eUmlifie  taste  (wIm^h  tliry  am  aotaUc). 

A.  Wild]  lu^liU  aitd  baaca  comUjie  together  ihe  j 
aa  well  aa  basic  propertica  are  drstzojed  (i 
tion)^  and  new  compottmb  are  formed,  s^Um; 
liuve  a  bmckish  ta^te  if  aolaUe  ui  wauir,  bal  are 
ea»  if  iiiS4>iubla  Id  wata;  • 

&  The  principal  diaractcnstac  of  Ibe  aoda  lai  iJud 

tke^  anntme  wUi  bases^  formimg  jotti;  Iberefbre  -are 

all  bodies  wfaidi  do  tiiis  amotig  the  add^  even 

'if  thi*y  do  not  poaacaa  an  add  taste  or  ruction.    Tbe 

same  rule  applies  eooversdy  to  tbe  baaea* 

7.  Most  of  the*  acidA,  in  tbe  state  in  wbkb  tbey  are 
1^ commonly  oHtainiHl  and  employed^  are  dtctnkadl j  eom- 
-ined  with  a  fixed  iimuuity  of  wolet  (brdntles)*    Many 
actda  cannot  exist  wilhoot  water  (water  of  eoosOtn- 
[tion).    By  adding  more  waterj  we  obtain  tbe  dUkied 


4 
4 


8.  One  and  ibe  aama  demetit  often  forms  scYeml 
Lacidfi,  with  unequal,  btti  always  fixed,  qnantides  of 
oxygrn, 

d.  The  adda  hare  an  oneqttal  at^Enily  for  baaes; 
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some  have  a  greater  affinity,  for  example,  sulphuric 
acid ;  others  a  less,  as  carbonic  acid ;  the  former  is  called 
a  strongs  the  latter  a  feeble  acid.  Feeble  acids  may 
be  expelled  from  their  combinations  by  the  stronger 
ones. 

10.  The  non-volatile  acids  are,  when  heated  (in  their 
dry  condition),  mostly  stronger^  but  at  ordinary  tem- 
peratures (in  the  moist  condition)  weaker^  than  the  vol- 
atile acids.  The  strength  of  the  affinity  consequently 
varies  according  to  the  temperature. 

11.  The  acids  just  considered  are  called  in  a  narrow 
sense  oxygen  acids,  because  they  contain  oxygen,  and 
owe  to  it  their  acid  properties. 

12.  The  combinations  of  oxygen  acids  with  bases  are 
called  oxt/'Salls. 

SECOND  GROUP:  HYDRACIDS,  OR  COMBINATIONS  OP 
THE  HALOGENS  WITH  HYDROGEN. 

184.  As  oxygen  combines  with  the  metalloids,  form- 
ing acids,  so  also  hydrogen  can  convert  some  of  them 
into  acids.  The  five  halogens  —  chlorine^  bromine,  io^ 
dine,  fluorine,  and  cyanogen  —  are  acidified  by  hydrogen. 
Oxygen,  as  has  been  shown,  is  able  to  form  several 
acids  with  one  and  the  same  metalloid;  for  instance, 
with  sulphur  it  forms  sulphuric  and  sulphurous  acids ; 
with  nitrogen,  nitric  and  nitrous  acids,  &c. ;  but  hydro- 
gen produces,  with  each  of  the  above-named  halogensi 
only  a  single  acid  or  combination. 

CHLORINE  AND  HYDROGEN,  MURIATIC  ACID  (H  Q). 

185.  Experiment.  —  Put  into  a  porcelain  capsule  a 
grain  or  two  of  common  salt,  and  drench  it  with  sul- 
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phtme  acid;  there  escapes,  with  effervescencej  a  gas, 
which  has  a  pongcnt  odor,  an  acid  taste,  and  reddens 
moistened  blue  test-paper ;  this  gas  is  muriatic  acid^  or 
hydrochhrie  acid.  If  yon  pour  some  ammonia  upon 
a  shaving,  and  wave  the  latter  to  and  fro  over  the  cap- 
jle,  a  thick  white  smoke  h  fonncd ;  and  the  acid 
odor  of  the  moriatic  acid,  and  also  the  pungent  fnmea 
of  the  ammonia,  vanish.  Tlie  acid  fumes  are  neu- 
tralized by  tiic  volatile  base  contajued  in  the  ammonia  ; 
there  is  formed  an  odorless  salt  (chloride  of  ammonium), 
and  in  such  a  minute  state  of  subdivision,  that  it  floats 
in  the  ain  We  c^m,  in  this  way,  easily  determine 
whether  the  air  contains  muriatic  acid,  or,  by  reversing 
the  experiment,  whether  it  contains  ammonia,  and  also 
deprive  these  gases  of  their  suflbcating  and  injurious 
properties,  and  remov©  them  from  the  air- 

Experiments  —  Mix  ctirefully  in  a  flask  a  quarter  of 
an  ounce  of  water  with  three  quarters  of  an  ounce  of 


iiric  aeitl,  and  after  the  mixtojfe  has  become  ecild, 
add  to  it  half  an  ounce  of  common  salt,  Adapt  to  tlie 
neck  of  the  flask  a  cork  providt*d  with  a  glass  tube, 
the  long  limb  of  which  passes  into  a  phial,  containing 
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one  ounce  of  water.    If  you  heat  the  fiask  in  a  sand* 
bath,  the  muriatic  acid  eAcapes^but  more  quietly  than  in 

.the  former  experiment,  becaiifc  the  sulphuric  acid  haa 
been  somewhat  diluted.  The  tube  must  but  just  dip 
into  the  water  ■  for  ahould  it  reach  to  the  bottom  of  the 

-phtal^tbe  whole  liquid  might  .sudtJcnIy  flow  back  into 

fihe  ilask,  if  the  heat  Bhould  chance  to  ilacken,  as  it 
mighty  for  instance,  from  the  flickering  of  the  spirit^mnp 
by  an  accidental  curretit  of  air*  The  muriutic  acid  is  so 
eagerly  absorbed  by  the  water,  that,  when  the  cvotuUott 
of  the  gas  diminishes,  a  vacuum  is  formed  in  tlie  tube 
and  flask ;  the  exterior  air  then  presacii  inore  strongly 
ujjyii  I  he  water  and  forces  it  up  (§  92).  When  a  gJisc- 
ons  body  condenses  into  a  liquid,  it  no  longer  requires 
Ihe  latent  heat  by  which  it  became  gas  gr  vapor,  sind 

^tliercfore  this  heat  is  set  free.  From  this  it  follows  thai 
the  water  in  which  the  muriatic  acid  condenses  or  db- 
aolvcs  must  soon  become  warm.  But  uurm  water  can 
receive  much  leas  gas  than  cold ;  accordingly,  in  order  to 
obtain  a  concentrated  solution  of  muriatic  acid  ga»,  we 
mu.Ht  place  the  phial  in  a  basin  of  cold  water*  Whco 
the  liquid  in  the  receiver  has  suffieicnUy  increased,  on© 
of  the  blocks  must  be  withdrawn  from  bcneathi  so  a3 
to  keep  the  end  of  the  tube  near  the  BurHice  of  Uie 
liquid.  The  solution  thus  obtained  has  an  intensely 
acid  taste  and  reaction;  it  is  called  hfffltocAhric  add^ 
but  is  commonJy  known  under  the  name  of  mitrwiic 
acid.  One  measure  of  water  absorbs  more  than  foor 
hundred  measures  of  muriatic  acid  gas;  the  strong  mu- 
riatic acid  thus  obtained  fumes  in  the  air,  hcc^tisc  a 
part  of  the  gas  est:^Eijie«.  If  you  beat  it  to  boiling, 
then  half  of  it  escapes,  and  an  acid  only  half  as  strong 
rv'mains  behind;  but  Ibis  is  always  somewhat /trorarf 
than  water* 


I 
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The  mnrialic  acid  of  commerce  is  commonly  yellow, 
and  contaminated  wilh  sulphiirou.^  jiciJ,  ^dphuric  add, 
clilorinc,  mrn^  and  sorneUineii  even  with  arsenic  Muri- 
atic arid  is  likewise  manufactured  ffom  common  salt 
piiJphuric  acid;  but,  ins^iead  of  glass  vessels,  large 
in  cylfnd^rs  are  employed j  capable  of  containing  some 
quintala  ofcomuKJn  salt.  The  gas  is  conducted  into 
ievt*nd  botlles  or  jntn^  coniicctt'd  with  each  oilier,  and 
which  are  filled  with  water.  When  the  water  in  the  first 
[>c3sid  becomes  satnmled  with  hydrochloric  acid,  the  gas 
t  passes  over  into  the  second,  then  into  the  third  vessel, 
etid  so  on,  §«aturating  each  suc-cessively.     This  Js  a  very 

con%*enient      method 
^'^'^^^^  of    conducting    gas- 

es through  liquids. 
Such  vessels,  which 
are  commonly  pro- 
vided with  two  or 
three  neek^,  are  call- 
ed Wouffe^s  boitics. 
The  upright  tube  in 
the  middle  neck  serves  as  a  safety  tube,  that  isj  it  pre- 
vents the  liquid  from  being  forced  back;  if  a  vacuura  is 
fDrmed  in  one  of  the  bottles,  the  air  enters  through 
ills  tube. 

Common  salt  consista  of  chlorine  and  sodium ;  if 
water  is  added  fjo  it,  the  chlorine  will  abj^tract  from  it 
hydrogen,  and  the  sodium  oxygen,  and  muriate  of  soda 

is   formed.     This  is   de- 

v«i«nit    compost*d    by  the  more 

powerful  sulphuric  acid, 

whieh  combint^  with  the 

ba^e,  and  expels  the  hy* 

9licacid.    The  sulphate  of  soda  (Cilaabei  salts) 

17 


— ^if^«),sa. 


Son- 
tuUllle- 
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remains  behind  as  a  white  aalt^,  and  h  used  in  the  man- 
ufacture of  the  important  artick^  carbonate  of  soda. 

The  constituents  of  muriatte  acid  gas  are  equal 
atoms  of  chlorine  and  hydrogen,  and  it  b  represented 
by  the  symbol  II  Ch 

If  you  fill  a  jar  half  with  chlorine  and  half  with  hy- 
drogen, and  pnt  it  in  a  dark  place,  no  union  ensues; 
but  it  takes  place  instant-aneously  when  the  jar  h  ex- 
posed  to  the  direct  raya  of  the  sun.  The  union  is  ae- 
companied  by  a  violent  detonationj  which  often  breaks 
the  glass,  so  that  it  is  not  advisable  to  perform  this  ex- 
periment But  it  proves  that  light  also  compels  ^ome 
substances  to  combine  chemically  with  each  other* 

18G.  Experiments  with  MuriaHc  Add. 

Experiment  «.—  Put  some  iron  nails  iu  a  phial,  and 
pour  upon  them  some  muriatic  acid ;  brisk  cfiervesicenoe 
will  ensue*  When  this  haia  continurd  some  minutes, 
hold  a  burning  taper  over  the  mouth  of  the  phial;  tlie 
gas  which  escapes  innames;  it  is  hydrogen,  'T'"  n- 
riatic  acid  is  decomposed,  and  its  second  c^ni  n, 

chlorine,  combines  with  the  iron*  The  iron  diBappear9» 
and  it  dissolves  j  that  is,  it  combines  with  the  chlorine, 
forming  a  soluble  compound.  When  the  ellcrvescenoe 
baa  ceafled,  heat  tho  phial  by  pladng  it  in  hot  wat^» 
and  afterwards  pour  ifs  conlcnts  on  a  filter  of  white 
blotting-paper.  Put  the  liquid  which  passes  through 
{thefiiirate)  in  a  cool  place;  a  salt  is  dt'posited  from  it 
in  greenish  crystals,  chilled  protmhhritk  of  iron  (Fc  CI), 
that  is,  iron  nniled  wnth  chlorine* 

Many  other  inetala  may  also  be  dissolved,  like  iron, 
in  muriatic  acid,  and  converted  into  salts* 

Srperimcfii  L  —  Pour  some  muriatic  acid  upon  iron- 
rust  that  haa  been  put  into  a  ti*3sl-tul>e ;  it  di55olvi'^, 
but  without  evolution  of  ga».    In  this  ca«e,  Uie  hydnv 
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gcfi  of  the  mnriatie  acid  meets  wilh  a  body  with  which 
it  can  combine,  namely,  the  oxygen  of  the  uxidc  of  iron; 
and  it  does  combine  with  it,  forming  water.  The  yel* 
lowish-brown  solation,  which  it  is  dillicnlt  to  crystallLze, 
yields,  tipon  evaporation,  a  brown  mass  called  nesquichlo- 
rid£  of  iron  (Fe^  CI),  This  salt  contains  one  half  more 
chlorine  than  the  former.  Muriatic  acid  is  very  often 
e^ed  for  dissolving  metallic  oxidea. 

KcperiimfU  c',  —  Dissolve  some  crystals  of  the  proto- 
chloride  of  iron^  obtained  according  to  experiment  «, 
iji  a  little  water,  and  then  add  some  chlorine  water;  the 
greenish  color  in  converted  intx>  a  yeUow  color,  and  the 
solution  yields^  on  evaporation,  brown  sesquickioride  of 
iron.  The  chlorine  combines  witli  the  protoehloride  of 
iron,  and  makes  it  sesqnichloride  of  iron. 

Experiment  rf,  —  Dissolve  some  carbonate  of  soda  in 
water;  the  solution  turns  red  test-paper  blue;  it  has  a 
baj^ic  reaction.  DrtJp  carefully  into  the  solntion  some 
miiriatjc  acid,  until  neither  the  red  nor  the  blue  paper  is 
affected  by  it.  Thus  muriatic  acid,  just  like  an  oxygen 
acid,  haa  the  power  of  neutralizing  bases.  If  you  put 
the  liquid  in  a  warm  place,  a  salt  will  be  depo&ited  in 
small  cubes;  you  readily  jwTceive,  both  by  the  shape  of 
the  crystalj  and  by  the  taste,  that  it  is  common  salt 
Here  also  the  oxygen  of  the  base  has  combmed  with 
the  hydrogen  of  the  muriatic  acid,  forming  water,  but 
the  chlorine  with  the  sodium,  forming  common  salt 
The  carbonic  acid  of  the  carbonate  of  soda  escapes  with 
eirenreseence, 

Erperimeni  e. — ^If  you  drop  into  a  f       '  *m    some 
Jtntiriatic  acid,  and  then  a  few  tlrops  of  3  1  of  ni- 

trate of  Biiver  (lunar  eatietic),  a  white  cloudiness  ia 
formed,  w!nch  does  not  hnpprn  in  purc^  water*  This 
Gloudincss  proceeds  from  the  cliloridc  of  silver,  which  is 
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insoluble  in  water.  Nitrate  of  silver  is  the  most  acca- 
rate  test  for  muriatic  acid  and  its  salts. 

If  muriatic  acid  is  diluted  with  from  800  to  900  parts 
of  water,  and  is  poured  upon  land,  it  exhibits  a  fertiliz- 
ing power,  like  that  of  sulphuric  acid  (§  173). 

187.  Haloid  Salts.  —  Like  chlorine,  the  other  salt  pro- 
ducers, or  halogens,  also  combine  with  metals  forming 
salts ;  these  salts  are  called  haloid  salts.  As  has  been 
shown,  they  may  be  prepared,  — 

1.)  By  uniting  a  halogen  with  a  metal  (§  156). 

2.)  By  uniting  a  halogen  with  a  metallic  oxide  (§  152). 

3.)  By  the  solution  of  a  metal  in  a  hydrogen  acid 
(§  18G). 

4.)  By  the  solution  of  a  metallic  oxide  in  a  hydrogen 
acid  (§  186). 

If  the  two  last-mentioned  instances  be  attentively 
considered,  it  may,  perhaps,  appear  surprising  why  it 
was  not  assumed  that  muriatic  acid  combined  with  the 
base  without  further  decomposition,  just  as  it  was  as- 
sumed with  regard  to  sulphuric  acid,  and  the  other  oxy- 
gen acids.  This  cannot  generally  happen,  because 
many  of  the  haloid  salts,  when  they  are  quite  dry,  con- 
tain neither  oxygen  nor  hydrogen.  Completely  dried 
common  salt,  for  example,  contains  no  hydrochloric  acid, 
but  chlorine,  —  no  oxide  of  sodium,  but  sodium,  —  as 
has  been  ascertained  by  the  most  accurate  experiments. 
But  if  the  haloid  salts  contain  water,  or  are  dissolved  in 
water,  then  they  may  certainly  be  regarded  as  consist- 
ing of  a  base  and  a  hydrogen  acid,  for  it  amounts  to  the 
same  thing,  whether  the  hydrogen  exists  in  the  water  or 
in  the  hydrogen  acid,  the  oxygen  in  the  water  or  in  the 
metallic  oxide.  A  solution  of  salt  may  accordingly  be 
regarded  as  chloride  of  sodium  and  water,  or  as  muriate 
of  soda.    (Na  CI  +  H  O  is  the  same  as  Na  O,  H  CL) 
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Formerly  the  combinations  of  chlorind  with  the  met- 
als were  universally  called  viuriaies.  The  names,  muri- 
ate of  lime,  mnrbtc;  of  baryta,  raurmte  of  oxide  of  iron, 
&c,,  have  therefore  the  same  signlfiea^on  as  chloride  of 
calcium,  chloride  of  barium,  chloride  of  iron,  &e*  When 
chlorine  combines  with  a  metal  in  seTcral  proportions, 
the  eombi  nation  with  lesa  chlorine  is  called  protochlo- 
ride,  that  with  more  chlorine,  sesquichloride,  and  that 
with  stilt  more  chlorine,  perchloride  (§  151).  If  water 
19  contained  in  theni,  or  if  they  are  dissolved  in  it,  the 
protochloridcs  may  be  reg'ardcd  also  as  protomiiriates^ 
and  the  perchlorides  elb  permuriaies  *  for  cjtaniple, — 

Protochloride  of  iron  and  water  is  the  same  as  proto- 
murifite  of  oxide  of  iron. 

(FcCl  +  HO  =  FeO,  HCl) 

Se^uichlortde  of  iron  and  water,  the  same  as  the 
muriate  of  the  siiytpiioxicJe  of  iron. 

(Fe,  01^  +  311  O  =  Fc,  0.  +  3  H  CL) 
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AQUA  EIQIA,  OR  NITBO-MUEIATIC  ACID  (ana +  HOs). 

188-  Experimenf. —  Put  into  a  flask  one  drachm  of 
oitrio  acid,  and  into  another  two  drachms  of  pnre 
muriatie  acid,  and  add  to  each  some  genuine  gold-leaf; 
it  will  not  be  disi^olvcd*  But  if  both  liquids  are  mixed 
together,  Uie  gold  very  soon  disappears,  because  it  is  dis- 
Bolved.  Gold  is  dcerncd  the  king  of  metals,  henee  the 
name  aqtm  reg-ia*  On  evaporating  this  solution^  a  yel- 
low salt  remains  behind,  which  consbts  of  gold  and 
chlorine.     As  the  muriatic  add  did  not  v   '  tly  give 

np  its  chlorine  to  the  gold,  it  is  highly  [^  that  it 

was  compelled  to  do  so  by  the  nitric  acid-     This  process 
be  ,     *  fcr  to  the  prt*panitionof 

*  ac  vprroxide  of  manganese 
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The  nitric  add  acts  upon  the  muriatic  acid  just  like  the 
manganese;  it  contaitiSj  like  the  liitterj  mach  oxygen, 
and  parts  with  it  very  readily.  This  happens  alsu  lit 
the  present  ease,  and  the  liberated  oxygen  abstracts 
from  the  muriatic  acid  its  hydrogen,  to  form  water. 
Consequently  the  chlorine  is  set  free,  which,  bmug  a 
simple  and  strong  chemical  body,  immediately  uiiitea 

with  the  gol(]|  which  is 
likewise  a  simple  body 
The  nitric  aeid  loses  there- 
by two  atoms  of  its  oxy* 
gen^  and  13  converted  iiito 
nitrons  acid,  which  €»• 
capes  in  yellowish  fames. 
Aqua  regia  is  employed  for  dissolving  gold  and  plati- 
nnnij  neither  of  which  metals  is  attacked  by  otiier  acids. 


BaOMIKE.  IODINE,  AND  FLUORINE,  +  HYDROGEN, 

189.  I^drobromic  and  Hk^lriodic  Acids, — BotJi  of 
these  acids  closely  resemble  muriatic  acids.  Their  com- 
binations witli  metals  are  called  protobromides^  perbr 
midci*,  protoiodidcs,  and  pcriodidcs,  &e^,  of  the  met 
They  occur  in  nature  accompanying  connnon  salt^eon 
eequcntly  in  sea- water  and  marine  plants,  in  salt  springs, 
&c.,  but  only  in  minute  quantilies, 

190.  Uf/dfqfluort€   Add,  —  KirpenmeHt*  —  Rub  to 

powder  a  piece  of  llaor-spari  of  the 

size  of  u  hazkvnut,  and  put  it  inloj 

a  small  bowl,  which  huit  been  pr 

viously  rubbed  with  oiled   paper; 

then  pour  siilr^  '   -  jtj 

till  a  thin  im-  rl 

the  bowl  with  a  piece  of  wiiido%r» 
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;hich  has  Tcceived  a  coating  of 


wax,  and  from 
some  parf3  ol  which  the  wax  has  been  removed  by 
Bcmtching  with  a  needLe^  or  other  pointed  itisirumcnt* 
After  the  lap^ie  of  some  hours,  remove  the  wax  by  melt- 
ing ir,  and  then  rubbing  it  off  with  oil  of  turpentine ;  those 
parts  of  the  glass  left  bare  will  be  found  to  be  corroded. 

Fluor-spar  consists  of  fluorine  and  calcium,  and  ia  de- 
composed  by  sulphuric  acid,  in  the  Baine  manner  as 
common  salt  was;  hydroflaoric  acid  is  formed  and 
escapes  in  vapor-  This  acid  has  the  property  of  dis- 
solving silica;  therefore  it  withdraw^s  the  latter  from  the 
glasi$,  where  it  is  not  protected  by  the  wax,  and  the 
glass  consequently  becomes  rough  and  opaque.  In  this 
manner  drawings  are  often  etched  on  glass*  By  con- 
ducting the  fumes  into  water,  liquid  hydrofluoric  aeid  js 
obtained,  which  may  likewise  be  employed  for  etching 
on  glass*  Lead  or  platinum  vessels  must  be  used  in  the 
preparation  of  it,  on  accoant  of  its  property  of  corroding 
glass  and  porcelain. 

We  also  find  fluoride  of  calcium,  in  small  quantities, 
in  the  bones  and  teeth  of  the  Mammalia. 


CTAifOGEN  AOT>  HYDROGEN,  HYDKOCTANIC  ACID  (U  Cyj. 

191-  The  great  similarity  which  Q/ano^enj  eomposied 
of  carbon  and  nitrogeni  has  to  the  halogciis,  is  al^o 
maaifested  by  its  combinmg  with  hydrogen,  forming  an 
acid.  This  combination  is  the  notorious  ftrussic  or 
hydrocyanic  acid,  a  few  drops  of  which  are  sutllcient 
to  kill  instantaneously  a  small  animal.  As  muriatic 
acid  is  obtained  from  chlorides  by  sidphuric  acid,  so 
prussic  acid  is  abo  obtained  (rom  the  cyanides  by 
means  of  sulphuric  acid,  and  it  is  also  gaseous,  like 
muriatic  acid.     To  obtain  it  in  a  liquid  formi  the  gas  is 
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conducted  into  water,  or  alcoliol,  by  wliii:h  it  m  ab- 
sorbed. It  is  colorless,  like  water,  and  it  is  easily  recog- 
nized by  its  peculiarly  oppressive  odor,  which  is  very 
similar  to  that  of  bitter  almomb.  Such  a  dangerous  ar^ 
tide  should  only  be  prepared  by  experienced  workmen* 
Prussia  acid  is  found  also  in  sinaU  quantitiea  in  some 
seeds,  particuiarly  in  bitter  almonds,  and  in  the  kernels 
of  stone  fruits,  aa  plums,  apricots,  &c, 

Prnssic  acid  combinea  with  bases^  forming  water  and 
metallic  cyanides  (protocyaiiides  and  percyanides).  The 
most  familiar  of  these  art?  the  yellow  ferrocyanide  of 
potassium  (prussiatc  of  potassa),  and  the  blue  fertocy- 
anide  of  iron  (prnssian  blue)« 


RETBOSrEGT  OF  THE  HYDROGEN  ACIDS* 

1.  The  haloids  or  halogens  —  chlorine*  bromine,  io- 
dine, fluorine,  and  cyanogen  ^ — ^  form  aviih^  not  only 
with  oxygen,  but  also  with  hi/drog'en, 

2.  Tiie  halogens  have  a  greater  preference  for  kydro* 
gen  than  for  oxygen ;  hence,  when  left  to  their  own  free 
will,  they  always  combine  with  the  former* 

3.  Hydrogen  unites  with  the  halogens  only  in  oM^ 
proportion;  consequently,  each  of  them  forms  only  one 
BiDgle  hydrogen  acid, 

4.  All  the  hydrogen  acids  have  the  same  c^nstitatiou; 
they  always  consist  of  t'qmtl  atoms  of  a  halogen  and 
hydrogen. 

5.  The  hydrogen  acids  combine  wnth  iv.<  '  '  migig 
chlorides,  bromides,  &c*,  whibt  their  hydf/  'ipen, 

6*  The  combinations  of  the  halogens  with  the  metals 
possess  IV      '      "  rties  of  soltn ;  for  this  re^ison 

they  are  r 

7*  The  hydrogen  adds  combine  with  thr  b<ise:S|  fonn- 
baloid  saltjF  and  water. 
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8.  If  water  is  present  jii  the  haloid  salt^,  they  maybe 
r^arded  as  combiiratjons  of  the  hydrogen   acids  with 

mses^  or  as  hydrogen  acid  salts,  just  as  the  oxygen  salts 
[are  regarded  as  eombinations  of  oxygen  acids  with 
►  bases. 

9.  Many  metals  may  combine  with  the  Iialogens  in  sev- 
Icral,  generally  in  two,  proportions.     When  the  halogen 

in  excess,  they  are  called   perchlorides,  perbromideS| 
c*;  but  when  deficient,  they  are  called  protochlorides, 
iprotobromides,  &c*     The  former   correspond  with  the 
eroxide  salts,  the  latter  with  the  protoxide  &alta« 


STROSPECT  OF  TFIE  CO!vrBT^'ATTONS  OP  THE   METAL- 
LOIDS WITH  OXYGE>J  A.VD  HYDROGEN. 


192v  The  combinations  which  hydro^^en  forms  with 
the  halogens  have  been  here  grouped  together,  because 
they  have  the  greatest  similarity  to  each  other.  These 
combinations  possess  the  distmctive  character  of  strong 
acids.  The  other  metalloids  can  also  combine  with 
hydrogen,  but  they  do  not  form  acids  with  itj  sulphor 
alone  being  an  exception,  the  combination  of  which  with 
hydrogen  certainly  comports  itself  like  an  acid,  though 
only  as  a  very  feeble  one  (^  132).  The  contrary  oc- 
curs with  nitrogen  ;  this  forms  with  hydrogen  a  base, 
ammonia.  The  combinations  of  the  other  metalloids 
with  hydrogen,  some  of  which  have  already  been  treat- 
ed of  under  the  separate  metalloids,  exhibit  neither  basic 
[nor  acid  properties;  they  are,  on  this  account,  called 
Kneutral  or  indifTerent  bodies.  Oxygen  and  hydrogen 
Btitute  the  indiirerent  bo<Iy,  water;  carbon  and  hy- 
en,  the  indillbrent  illuminating  and  marsh  gas ; 
phosphorus  and  hydrogen  form  phosphuretted  hydro- 
Jen,  also  an  indifferent  body* 
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The  eombinations  which  oxtjgen  forms  with  the  non- 
metallic  elements^  or  nictalloids,  are,  inde<?d,  mostly  acids, 
but  we  find  among  them  some  which  pogsessan  indtffer* 
enl  chamcter;  namely,  nitrons  and  nitric  oxides  (NO 
and  N  O,),  the  oxide  of  phosphorusj  and  carbonic  oxide 
gas  (C  O)*  As  is  obvions,  the  combinalloim  wirh  the  hasi 
qoantity  of  oxygen  are  those  in  which  the  acid  properties 
are  wanting;  these  acid  properties  are  developed  on  the 
increase  of  the  oxygen,  and  most  strongly  in  those  com* 
binations  which  contain  the  greatest  quantity  of  oxygen. 

Since  the  combinations  which  the  metalblds  form, 
on  the  one  side  with  oxygen,  and  on  the  other  with  hy. 
drogen,  are  among  the  most  important  and  most  inter- 
esting chemical  bodies,  the  annexed  scheme  will  pre* 
sent  nearly  a  correct  idea  of  the  Btrength  of  the  affini* 


AiDnUf  for  Oxff on.       MfttMloidi.  AIB11U7  foe  Hjdnfn. 


Silicon* 

Boron, 

Carbon* 

Phospborufi. 

Sulphor* 

Scleniura* 

Nitrogeru 

Cyanogen, 

Iodine. 

BromiEue. 

Chlorme. 

Fluorine. 


TARTARIC   ACID. 


203 


ties  which  each  of  the  metalloids  possesses  for  these  two 
elements.  The  size  of  the  circles  represents  the  affinity 
for  oxygenj  that  of  the  squares  the  affinity  for  hydrogen- 

.  From  this  it  is  apparent  that  the  partiality  of  the  met^ 
fiUoids  for  hydrogen  increases  in  proportion  as  it  dimin- 

[ishesfor  oxygen^  and  the  reverse* 

THIRD   GROUP:     ORGANIC   ACIDS. 

193,  The  oxygen  and  hydrogen  ^cids  are  commonly 
[called  inorganic  or  mineral  adds,  because  they  are  prin- 
rci  pally  found  iu  the  mineral  kingdom,  or  prepared  artifi- 

[cially  from  minerals  and  earths.     But  there  are,  besides, 
rmany  other  acids,  found  either  already  existing  in  ani- 
mals and  plants  (formic  acid,  citric  acid),  or  which  may 
be  artificially  produced  from  organic  substances  (lactic 
acid,  acetic  acid).     Such  acids  are  called  organic^  or 
vegetable  and  animal  acid^.     They  have  the  greatest 
similarity  to  the  inorganic  acids  in  their  properties  and 
combinations,  but  not  in  their  constitution.      Three  of 
l^em  only  will  be  treated  of  at  present  as  examples 
I  of  this  class  of  acldi?,  one  a  volatile,  and  the  other  two 
non-volatile  acids ;  the  others  will  be  considered  in  the 
second  and  third  parts  of  this  work. 


TARTARIC  ACm  (H  0,  T). 

194.  Tartaric  acid  has  very  much  the  appearance  of 
la  salt;  it  crystaUizes  in  colorless  oblique  prisms,  which 
■are  permanent  in  the  air  and  have  a  very  acid  taste* 

Kr.perinicfiL  —  Place  a  small  crystal  of  tartaric  acid 

^upon  a  piece  of  platinum  foil,  and  heat  it  over  the  flarae 

E>f  a  spirit-lamp;  it  will  first  melt,  then  become  brown, 

and  finally  black,  and  emit  at  the  same  time  a  peculiar 
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empyreumatic  odor.  If,dnringthe 
process  of  charring,  you  hold  over 
the  acid  a  dry,  cold  glass  vessel,  it 
will  become  lined  with  globules 
of  water ;  consequently  the  add 
contains  oxygen  and  hydrogen. 
The  dark  residue  resembles  coa], 
but  it  is  more  certainly  deter- 
mined as  such  by  its  burning  completely  at  a  higher 
heat  Accordingly,  tartaric  acid  has,  when  heated, 
the  greatest  similarity  to  burning  wood.  In  fact,  it 
consists  of  the  same  elements,  namely,  carbon,  hydrogen, 
and  oxygen,  but  in  different  proportions.  All  vegetable 
acids  consist  of  C,  H,  and  O,'  and  are  charred  and  conr 
sumed  on  beinff  heated.  By  these  two  characteristics 
the  organic  acids  are  essentially  distinguished  from  the 
inorganic,  which  consist  only  of  two  elements,  and 
which  are  neither  charred  nor  consumed  in  the  fire. 

Experiment.  —  Pour  a  little  warm  water  over  some  tar- 
taric acid ;  it  will  dissolve  therein,  for  it  is  readily  soluble 
in  water.  If  you  dilute  the  solution  with  more  water, 
and  put  it  aside  in  a  moderately  warm  place,  slimy  flakes 
will  be  deposited,  and  the  acid  taste  will  gradually  be 
lost, — it  putrefies.  In  a  similar  manner,  all  organic  acids, 
when  they  are  diluted  with  water,  decompose  after  a  time. 
Experiment.  —  MLx  gradually  a  solution  of  tartaric 
acid  with  ammonia ;  there  will  be  a  period  when*  the 
acid  properties  of  the  tartaric  acid  and  the  basic  ones 
of  the  ammonia  will  have  disappeared.  Accordingly, 
tartaric  acid,  just  like  other  acids,  can  neutralize  bases, 
and  form  with  them  salts.  The  tartrate  of  ammonia 
■d  is  easily  soluble. 

rUnent.  —  Neutralize  a  solution  of  carbonate  of 
.  with  a  solution  of  tartaric  add ;  the  carbonie 


TARTAaiG    ACID. 

acid  escapes;  theliqoid,  however^remaing  clear, because 
the  neutral  tartrate  of  potaasa  ( K  O,  T)  formed  is  an 
easily  soluble  salt  Bat  by  adding  yet  more  tartaric 
acidj  the  hqi^ld  becomes  turbid,  and  deposits  a  quantity 
of  small,  transparent  crystals,  which  are  difficultly  solu- 
ble in  water,  have  an  acid  taste,  and  contain  twice  as 
much  acid  as  the  neutral  salt,  besides,  also,  some  wa- 
ter of  crystallisation.  These  crystals  are  called  acid 
tartrate  of  potassa,  or  bitartrate  of  potassa  (KO,  2  T 
+  H  O);  commonly,  tartar,  or  when  they  are  ptdverized, 
cream  of  tartar*  The  salts  of  potassa  may  accord  uxgly 
be  used  as  a  test  for  tariaric  acid. 

Tartaric  acid  is  generally  prepared  from  tartar  or 
argolj  which  is  obtained  in  large  quantities  from  the 
wine  countries,  where  it  is  dejiosited  from  wines  in  tljeir 
fermenting  casks,  as  a  white  or  reddish  crust.  The  po- 
tassa might  be  very  easily  removed  from  this  salt  by 
means  of  sulphuric  acid ;  but  then  two  soluble  sub- 
stances would  be  ohtained,  which  could  not  well  be 
separated  from  each  other.  For  this  reason,  the  potassa 
ia  first  replaced  by  another  base,  namely,  by  lime,  wiiich 
forms  with  sulphuric  acid  an  insoluble,  or  at  least  very 
difficultly  soluble  compound.  By  boiling  tartar  with 
water,  and  adding  chalk  to  it,  then  tartrate  of  lime  is 
obtained,  as  a  white  insoluble  powder ;  if  this,  after  being 
sufficiently  washed,  is  put  by  for  some  time  with  water 
and  sulphin-ie  acid  in  a  warm  place  (digested),  the  lat* 
ter  unites  with  the  lime,  and  forms  gj^psum,  whilst  the 
tartaric  acid,  being  set  free,  dissolves  in  the  water,  and 
crystallizes  from  the  solution  after  evaporation. 

The  chemist  is  often  obliged  to  resort  to  such  circui- 
tous means  in  order  to  separate  two  bodies  from  each 
other,  both  of  which  arc  equally  soluble  in  water  or  in 
some  other  liquid. 

18 
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Mrperiment^U  yoix  heat  the  crptalline  powder  of 
tartir,  obtained  in  the  former  experiment,  on  plaiiimm 
foil,  it  wUl,  like  the  taftarie  acid,  become  black,  aad  U 
consomcd,  emitting  an  empyreutnatic  odor;  but  there 
wiU,  however,  finally  remain  a  white  powder,  which 
hns  an  alkaline  taste^  a  basic  reaction,  and  which,  on 
the  addition  of  an  acid,  will  efl'ervesee  like  carbonate  of 
potassa.     The  acid  burns  up,  but  not  the  alkali ;  on  the 
combustinn  of  the  acid,  caibonle  acid  h  formed,  whidj 
combined  with  the  potasaa ;  consequently,  caiboimte  of 
potassa  h  formed*     All  salts  of  the  alkalies,  or  alkaline 
earthi?,  with  an  organic  acid,  are  in  the  dame  way  de- 
composed by  heat,  and  converted  into  carbonates, 
195,   We  can  decompose  sulphuric  acid  into  sulphur 
id  ojtygen ;  and  from   sulplmr  and  oxygen  wc    can 
lin  reproduce  sulphuric  acid.     Not  so,  howeveti  with 
tartaric  acid;  we  may  succeed  in  dcmalishing  jt^  but 
it  Is  beyond  our  power  to  reproduce  it  again*      Wf^  ran* 
not  artijicuiili/  produce  the  organic  acids  from  iheir  ek- 
menix*     We  are  sitill  ignorant  how  they  are  formed  in 
plants  and  animaR     Alt  that  i.^  knn%\^n  on  this  point 
concerning  the  vegetable  aeid^  is^  that  they  arc  formed 
from  carbonic  acid  and  wat^r^  the  Iwo  chief  sources  of 
the  nourishment  of  ve*^ctab!ea»     Bat  by  what  power, 
and  in  what  trmnncr,  these  two  bodies  arc  forced  to 
combine  in  the  grape-vine  to  form  tartaric  acid,  in  the 
fruit  of  the  lemon-tree  to  form  citric  acid,  in  apples  to 
form  malic  acid,  &€.,  wc  are  entirely  ignorant     Wc 
here  standr  aa  it  were,  on  the  boundary  line  of  oiit 
knowledge;  whether  it  will  be  permitted  to  us  at  some 
future  period  lo  advance  beyond  this  limits  fmther  in ve^- 
ttgationif  mujst  ahow.     In  the  mean  time  wc;  munt  a*» 
aume  that  the  nnkunwu  power  which  caawcB  the  shoo m, 
bmvesi  and  blossomH  to  put  forth  frcnn  the  tscedBi — ^wo 
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call  it  vital  power^  —  is  ako  able  to  produce  chemical 
combinationa  and  decompositions  more  powerfoj  and 
manifold  than  it  is  possible  for  the  chemist  to  aorom- 
plish  in  Ms  retorts  and  crucibles.  In  this  sense  we  re* 
gard  the  organic  acids,  as  in  general  all  organic  sub- 
Btaitces,  as  the  chemical  productions  of  tlie  vital  aciivUy 
of  plants  and  animals* 

The  organic  acids  arc  briefly  designated  by  a  horizon- 
I  tal  line  placed  above  their  initials.    The  Latin  name  for 
tartar  is  tariarus ;  the  symbol  for  tartaric  acid  is  T. 


196. 


Fig.  105. 
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OXALIC  ACID  (H  O,  O,  or  H  0,  0»0a>. 

Experifimni*  —  Heat  with  free  access  of  air,  in  a 
porcelain  dish,  one  fourth  of  an  ounce  of  sug- 
ar, mixed  with  one  and  a  half  ounces  of  con- 
centTated  nitric  acid,  and  one  ounce  of  water. 
In  a  short  time  a  strong  evolution  of  yellow- 
ish-red fumes  (N  O^)  will  commence.  Con- 
tinue boiling  until  these  vapors  ccasCj  and 
then  put  the  liquid  in  a  cool  place;  colorless 
crystals  (right  rhombic  prisms)  will  be  sepa- 
rated, which  must  be  purified  by  recrystalli- 
zation.  They  have  an  intensely  strong  acid 
reaction,  and  are  poisonous ;  they  are  called 
oxalic  acid.  This  acid,  like  most  acids,  contains  water 
chemicaUy  combined,  without  which  it  cannot  exist* 

£bgwrimewf.  —  Pour  into  a  test-tube  twenty  grains  of 
oxalic  acid,  and  one  drachm  of  fuming  oil  of  vitriol,  and 
iCarefuUy  heat  the  mixture;  a  gas  %vill  be  evolved.     Let 
this  pass  through  lime-water  contained  in  another  test- 
tube.     One  half  of  the  escaping  gas  is  absorbed  by  the 
'lime-water,  which  thereby  becomes  tiu*bid;  this  is  car- 
bonic acid  (C  Oa),     The  other  half  escapes  through  the 
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open  tube,  and  bums,  when  kindled,  with  a  bluish 
flame;  this  is  carbonic  oxide  gas  (CO).  When  the 
evolution  of  the  gas  ceases,  there  will  be  found  in  the 
first  test-tube  common  sulphuric  acid;  consequentlyi 
the  fuming  oil  of  vitriol  has  received  water,  namely,  the 
chemically  combined  water  contained  in  the  oxalic  acid. 
The  oxalic  acid,  when  it  loses  its  Water,  is  resolved  into 
the  two  gases  just  mentioned ;  it  may,  accordingly,  be 
regarded  as  a  combination  of 

1  atom  COj, 
and  1  atom  C  O, 
or  Ca  Og. 
On  comparing  this  constitution  with  that  of  sugar, 
it  will  be  seen  that  the  sugar  contains  #till  more  carbon 
than  the  oxalic  acid,  besides  some  hydrogen;  conse- 
quently a  portion  of  its  carbon,  and  all  its  hydro- 
gen, must  have  been  withdrawn.  This  was  done  by 
the  oxygen  of  the  nitric  acid,  which  oxygen,  uniting 
with  the  carbon,  formed  carbonic  acid,  and  with  the 
hydrogen,  formed  water.  This  process  may  be  regard- 
ed as  a  combustion  (oxidation)  in  the  moist  way.  Sug- 
ar has  exactly  the  same  constituents  as  wood.  If 
a  wood-shaving  be  ignited,  at  first  the  hydrogen  princi- 
pally burns,  because  it  is  very  readily  combustible ;  at 
last  principally  the  carbon,  because  this  burns  with 
more  difficulty  (§  120).  The  same  succession  of  phe- 
nomena also  takes  place  on  the  boiling  of  sugar  with 
nitric  acid ;  the  hydrogen  is  at  first  principally  oxidized, 
and  afterwards  the  carbon ;  but  the  latter  only  partially, 
on  account  of  the  insufficient  supply  of  nitric  acid,  jus|^ 
as  wood  is  only  partially  consumed  when  there  is  a  de- 
ficiency in  the  supply  of  the  air.  The  partly  consumed 
wood  (charcoal)  burns  completely  if  we  lieat  it  still 
longer  in  the  air ;  it  is  converted  into  carbonic  acid  by 
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ih«  oxygen  of  the  air-  Partly  burnt  sugar  (oxalic  acid) 
consumes  completely  when  we  boil  it  with  still  more 
nitric  acid ;  it  is  converted  into  carbonic  acid  by  the 
oxygen  of  the  nitric  acid, 

197*  E:ip€riments  with  Oxalic  Acid, 

Experimeni  a,  —  Place  some  crystab  of  oxalic  acid 
upon  a  piece  of  platinum  foil,  and  hold  tliem  in  the 
flame  of  a  spirit-lamp.  They  melt,  inflame,  and  burn 
wiUioid  becomuig  black  or  leaving  any  residue.  The 
product  of  the  combustion  is  carbonic  acid;  C^  O^  and 
O  (from  the  air)  are  converted  into  2  C  O,* 

Experiment  b.  —  Neutralize  a  hot  concentrated  solu- 
tion of  oxalic  acid  with  a  hot  concentrated  solution  of 
carbonate  of  potassa ;  neutral  oxalate  of  potassa  ( K  O, 
Cj  O^),  an  easUy  soluble  salt,  is  formed.  If  you  now  add 
as  much  more  oxalic  acid,  hard  crystals  will  be  depos* 
ited  on  cooling,  which  have  an  acid  reaction ;  they  are 
called  acid  oxalatCj  or  binoxalate  of  potassa.  One  atom 
of  potassa  can  thus  combine  with  two  atoms  of  acid. 
As  has  been  previously  stated,  salts  with  two  atoms  of 
acid  are  called  add  sails.  The  binoxalate  of  potassa  is 
likewise  formed  in  the  substance  of  many  plants  during 
their  growth,  and  it  is  found  abundantly  in  the  leaves 
of  the  wood-sorrel  (Oxalis),  from  which  it  may  be  ob* 
tained.    The  acid  salt  is  far  less  soluble  than  the  neutral, 

Experimenl  c-  —  Heat  some  binoxalate  of  potassa 
upon  platinum  foil ;  Uke  the  tartar,  it  will  be  converted 
into  carbonate  of  potassa,  but  witlund  being  charred  or 
blackened.  The  oxalic  acid  is  thereby  converted,  as 
above,  into  carbonic  acid  and  carbonic  oxide,  and  a 
portion  of  the  former  combines  with  the  potai«a* 

Experiment  d* — ^  Agitate  a  little  gypsum  with  water 
and  let  the  liquid  settle ;  the  decanted  water  contains  a 
small  quantity  {^)  of  gypsum  in  solution.  If  a  solution 
18* 
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of  oxalic  acid  is  poured  upon  tJiis  solution  of  gypsum, 
you  wUl  soon  obtaia  a  precipitate  of  oxalate  of  linn^ ; 

consequeatiy  oxiilic  add 
has  a  greater  aflmity  for 
lime  than  sulphuric  acid 
has,  siuce  it  ia  able  to 
displace  the  latter  acid. 
The  decx>rnp03ition  takcfi 


k  uso.  -TT^HO,  S0.3 


nor  0  -^-t.or.o, 


rma 
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I  place  more  rapidly  and  perfectly  when  the  oxalic  add 
I  ha3  been  previously  neutralized  by  ammonia  (Nil,), 
I  becau^  another  body 


C«»so,-::=.H0NH,,SO, 


inojfF.co,- 


Solul^le. 


Not 


ia  thus  presented  to 
the  sulphuric  acid,  for 
which  the  latter  hji^ 
a  greater  aHinity  tlian 
fur  the  water ;  it  be- 
comea  thereby  more  ready,  as  it  were,  to  release  the 
lime.  Oxalic  acid  ia  the  be.st  teBt  for  lime  iind  lime  salbi, 
Experimait  e,  —  Add  i^ome  spoonfuls  of  water  to  a 
piece  of  green  vitriol  of  the  size  of  a  pc^,  and  moLMen 
^with  the  solutioji  a  piece  of  white  blotting-paper;  when 
iis  hn^  imbibed  the  liquid,  spread  over  it  some  ammo- 
nia. The  ammonia  withdraws  the  snlphtiric  add  from 
the  green  vitriol,  and  prot oxide  nf  iron  must  conse* 
qncntly  be  separated  in  and  upon  the  paper,  to  which 
it  imparts  a  greenish  tinge*  On  dicing,  the  protoxide 
of  iron  becomes  converted  into  se^M'  *  *  '  ^  u 
and  the  green  color  is  at  the  same  i  o 

yellow.     In  a  similar  manner,  cotton,  and  oth«f  ftib- 
rii-fl.  are  often  dyed  brown  or  yellow.     Mix  H-:* 

acid  with*water  into  a  fhin   pa^te»  and  d^  ^         v 

paper  with  it  ii>  i^veral  places;  this  color  will  noon  di^- 
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tide  of  ifon,  and  both  are  removed  by  washing, 
an  this  is  founded  the  important  use  of  this  acid  in 
I  calico  printing,  us  iUkewise  its  ajiplication  for  the  rc» 
rincivstl  of  ink*spota  from  linen  or  pa  pen  One  of  tlie 
I  principal  constituents  of  ink  is  oxide  of  iron,  which  be* 
[jjjg  dissolved  by  oxalic  acid,  the  black  color  of  the  ink 
ippears  al^.  This  explains  why  oxalic  acid,  or  an 
oxalate  containing  a  free  acid,  causes  the  wliite  spots 
you  fabrics  dyed  yellow  by  peroxide  of  iron,  and  also 
i^  by  it  renaovea  ink-spotd  from  garmeuts,  paper,  &c. 
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198,  Vimv       '   '-^ewiBe  a  vegetable  acid.    It  is  oft^en 
f  formed  spon  ly,  producing   mjsc^hie%"ous    conse- 

quences. It  IS  formed  %vhen  sweet  or  spirituous  liquors, 
tliiii  RVTups,  the  juice  of  frnit,  wine,  beer,  6cc.^  remain 
exposetl  to  the  air*  The  sugar  is  converted  by  degrees 
into  alcohol,  which  becomes  vinegar  when  access  to  tlie 
xygen  of  the  air  is  not  prevented.  But  the  method  by 
bich  tJus  takes  place  will  not  be  considered  mi  til  eug- 
and  alcohol  are  treated  of.  We  shall  now  merely 
scrilie  the  method  of  preparing  acetic  acid  from  crude 
irinegar. 

Our  eommon  vinegar  contains  in  every  pound  only 
from  half  an  ounce  to  two  oimccs  of  acetic  acid ;  the 
jrvttt  y  water.  If  f^n  boil  vinegar,  the  acid  smell  of  the 
fumes  indicates  that  tlie  acid  contained  in  it  is  volatile; 
therefore  it  cannot,  like  other  acidsj  be  made  stronger  by 
evapomtion ;  but  this  may  be  done  in  the  following 
manner. 

/T  ;//-  —  A't<l  to  one  ponnd  of  colorlei^s  vinegaf 

fiorii  one  and  a  hall'  ounces  of  litharge  (oxide  of 

lead},  and  lot  the  rnixt  uie  stand  in  a  vessel  for  stoma 
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hoar9|  in  a  warm  placej  stirring  it  frequently*  T 
liquid  will  become  clear  ou  standing,  and  thee  if  yon 
evaporate  it  down  to  two  Eind  a  half  or  three  ouiioes, 
and  let  it  cool,  prismatic  crystals  of  actiaie  of  oxide  of 
iead  will  be  deposited.  This  salt  is  commonly  ailkd 
ff^or  of  lead  from  its  sweetish  taste.     The  acetic  add  is 

'held  60  firmiy  by  the  oxide  of  lead,  that  it  can  no  longer 
escape  with  the  steam  during  evaporation,  or  at  least 
only  in  trifling  qnantilies.  Other  bases  may  be  substi- 
tuted for  the  oxide  of  lead. 

Experimeni,  —  Place  upon  a  piece  of  eharcoal  some 
sugar  of  lead,  and  heat  before  the  blow-pipe  ;  the  salt 

^  first  melts  in  its  water  of  crystallization,  then  it  becomes 
brown,  and  is  finally  charred ;  the  aoetie  acid  is  tlins 
decomposed,  Uke  ttu-taric  acid  on  the  heating  of  the  salts 
of  tartarJC  acid  After  being  completely  burnt,  globules 
of  metallic  lead  remain  upon  Uie  coal-  The  liiburge  is 
also  decomposed;  the  glowing  coal  abatracts  from  it  its 
oxygen,  and  forma  with  it  carbonic  oxide  giia,  which 
escapes ;  oonseqaently  metallic  lead  must  remain  behind 
(reduction  or  deoxidation)* 

Ei^periimnl, — ^Mix  cautiously  half  an  ounce  of  sul- 

Flff.  100, 
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Eld  with  half  an  ounce  of  water^  and  when  cold 

pritiT  me  mixtuff'  irjto  a  tliisk  containing  one  ounce  of  pnU 

vtriifcJ  sugar  of  lead*     Now  connect  a  glass  tube  and 

ccivcf  with  the  fla^kj  and  distil  the  mixture  at  a  mod- 

eratt^  heat,  on  a  ennd-bath,  luitil  about  three  fuurUis  of 

ii  ounce  of  tiie  l!uid  fias  passed  over.     This  presents 

n  example  of  simple  elective  affinity;  the  strong  buI- 

hnric  acid  tinitcs  with  the  oxide  of  lead,  and  forma 

WiHi  it  a  white,  iasoluble  componnd,  which  remains  in 

the  flask^  while  the  acetic  acid,  rendered  volatile  by 

the  heat^  is  converted  into  a  team,  which  is  condensed 

in  the  cold  receiver  into  liquid  acetic  acid. 

The  acid  thua  obtained  is  colorless,  and  has  an  ex- 

leedingly  sour  taste  and  »melL     The  strongest  acetic 

Hcid  (hydrut«*fl  acetic  acid)  tnystalUsces  on  cooling;  a 

somewhat  diluted  acetic  acid   is  called  concentrated 

vini^gar. 

RrperimtnL —  Add  to  strong  acetic  acid  some  drops 
of  oil  of  cinnamon  and  cloves ;  if  the  acid  was  enfli- 
rinntly  8trou»  tliey  will  dhBohe^  This  mixture  is  culled 
aromatic  f^pirit  of  vinegar. 

JurperimeHl.  —  Pour  some  acetic  add  upon  a  piece 
of  lean  meat^  and  it  will  gradually  become  soft  and 
grlutinous.  Common  vinegar  lias  also  the  same  elTect, 
but  in  a  le^  degree;  it  is  indeed  well  knownithat  meat 
impregnnk'd  with  vinegar  becomes  very  tender  and  di* 
gcstibb  (roIuIiIi^)  when  boiled  or  roasted. 

Acetic  acid  cannot  exist  without  the  presence  of  wa- 
ter; seven  ouneef^  of  the  strongest  acid  contain  one 
ounce  of  i^^iter  chemically  combined.  The  Latin  word 
for  vinegar  ts  ticrium;  the  symbol  for  acetic  acid  is,  ac* 

Ceortlingly,  H  O,  A. 
To  detect  the  salts  of  acetic  arid,  beat  them  in  a  tesl- 
lutus  witli  concentrated   Kiilphuric  acid ;  when  fume* 
itttviiig  a  very  acid  smrll  will  be  evolved. 
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HETROSFECT  OF  THE  VEGBTABLl  ACIDS. 

t.  Almost  all  vegetable  acids  consist  of  carbon,  hy* 
tlrogen^  and  oxygen  (oxalic  acid  being  an  exceptitm.) 

2.  They  are  generated  during  the  growth  of  pbnt», 
in  which  they  are  found  either  free  ur  combined  with 
bases. 

3.  We  cannot  artificially  prepare  them  from  their 
elements,  like  the  inorganic  acida, 

4.  Some  vegetable  acid  a  may  indeed  be  also  nrtifi- 
eially  imitated,  but  as  a  general  rule  this  in  etreeted  by 
the  metamorphosis  of  otlier  vegetable  sabstances, 

5.  All  vegetable  acid^  are  charred  by  beai^  and  arts 
at  last  completely  consumed  (inorgaBlc  acids  are  not), 

6»  Most  vegetable  acids  cannot  exist  without  the 
presence  of  water  (water  of  constitution) ;  this  watet 
plays  therein  the  part  of  a  base. 

7.  Vegetable  acids  comport  themselves  towards  baj*eii 
like  the  inorganic  acids ;  they  form  with  them  saiis, 

8,  The  vegetable  salts  are  likewise  decomposed  by 
heat;  the  acid  is  charred  and  consumed,  whilr:  the  base 
remains  behlndj  usually  combined  with  carbunie  aeid*. 


RAniCALS-aiFACITr  OP  KEirrRAUZATION. 

199.  The  vs^otd  radicai  signifies  root  or  base,  and  is 

r  often  employed  in  ehemiytry  to  denote  that  e^nli^tance 

l«rhich  is  regarded  as  the  tuntlamental  element  or  bane 

of  a  chemical  compound*     The  metalIotdi«  unite  wiih 

r  oxygen,  and  some  of  Ujcm  fd.^o  witli  ^  m* 

acidn,  and  they  are  consequently  regJi  ^ .-l:*! 

of  tlic  adds,  and  may  be  called  the  add  raJicah*     8ul» 
is  accordingly  the  rjidicnl  «  ^ 
of  earbotiic  aeid :  and   v]\'  ! 
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tmmatic  acids,  &c.  With  regard  to  the  vegetable 
acids,  which  are  composed  of  tliree  elementsj  carbon^ 
hydrogen^  aiid  oxygen,  if  the  oxygen  be  asauraed  as  tlie 
acidifying  principle,  then  the  carbon  and  hydrogen  are 
regarded  aa  the  acid  radicals ;  or  if  hydrogen  be  con* 
sklcred  this  principle,  then  carbon  Euid  oxygen  would 
be  the  fmdleals.  In  either  case  the  radical  consists  of 
Jwo  elements ;  and  for  this  reason  the  vegetable  acids 
re  said  to  be  aekls  with  a  compound  radical^  in  contra- 
di»tmction  to  the  mineral  acids,  which  are  regarded  as 
iirids  with  €L  simple  radical^  because  they  have  only  one 
element  for  their  base.  According  to  this  classification, 
the  hydrocyanic  and  fulminic  acids  must  be  classed 
among  the  acids  vnih  compoijnd  radicals,  since  the  rad- 
ical cyanogen  is  composed  of  carbon  and  nitrogen. 
This  theory  is  aUo  ap[)lied  to  bases  and  salts*  The 
Ictals  oombine  witli  oxygen,  forming  bases,  and  are 
ingly  the  fundamental  elements  of  the  basea, — 
fodkuts.  Iron,  for  example,  is  the  radical  of  the 
of  iron,  and  calcium  the  radical  of  lime.  The 
oxide  or  the  bane  is  regarded  as  the  fundamental  ele- 
ment of  the  salts ;  it  has  received  the  name  saU  radicaL 
rVofo?side  of  iron  is  accordingly  the  radical  of  green  vitr 
riot,  lime  that  of  chalk,  i:e» 

200-  It  has  abcsidy  been  demonstrated,  by  several  ex- 
periments, that  the  adds  are  neutralized  or  saturated] 
by  bases,  and  also  that  every  acid  on  neutralization^ 
combines  with  a  definite  quantity  only  of  a  base.     It 
now  remains  to  consider  how  large  tins  quantity  may 
be  for  every  add. 

It  has  been  ascertained,  by  accurate  experiments, 
that  100  ounces  of  sulphuric  acid  require  for  neutral* 
kation  exactly  118  ounces  of  potassa,  or  70  ounces  of 
lime,  or  90  ounces  of  protoxide  of  iron,  or  278  ounces 
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of  litharge.  Further  researches  have  led  also  to  the 
surprising  discovery,  that  these  so  unequal  quantities  of 
the  different  bases  contain  precisely  the  same  amount 
of  oxygen,  namely,  20  ounces. 

Salpburic  Acid  Oxygen. 

100  oz.  are  neutralized  by  1 18  oz.  of  potassa ;  these  contain  SO  os. 

100  tt      u         u  u     70  u    u  limg.  M         M        20  ** 

100"      «         «  "     90  «    "  protoxide  of  iron;**         «        20  « 

100  «      «         «  «   278  «   "  oxide  of  lead;       «         "SO" 

It  follows  as  a  law  for  sulphuric  acid,  that  100 
ounces  of  it  require  always  for  neutralization  a  quantity 
of  some  base  in  which  are  contained  20  ounces  of  oxy- 
gen. Thus  the  number  20  has  been  called  the  capacity 
of  neutralization  of  sulphuric  acid. 

The  action  of  bases  upon  all  the  other  acids  has  been 
examined  in  the  same  manner,  and  the  capacity  of 
neutralization  of  the  latter  determined.  That  of  nitric 
acid,  for  example,  is  14f ;  that  of  carbonic  acid,  36^ ; 
that  is,  every  quantity  of  any  base  containing  exactly 
14f  ounces  of  oxygen  is  able  to  saturate  or  neutralize 
100  ounces  of  nitric  acid ;  every  quantity  of  a  base  con- 
taining 361-  ounces  of  oxygen  is  able  to  saturate  or 
neutralize  100  ounces  of  carbonic  acid. 

Instead  of  comparing,  as  has  been  done  here,  the 

acids  with  the  oxygen  of  the  base,  the  oxygen  of  the 

acid  is  also  sometimes  compared  with  the  oxygen  of  the 

base.     This  may  be  done  very  easily,  if  we  only  know 

in  the  first  place  how  much  oxygen  is  contained  in  100 

ounces  of  an  acid. 

Oxygen  Oxygen. 

100  oz.  of  snipbnric  acid  contains  60   oz.,  and  require  in  die  base  20  oa. 
100  «    "  nitric  acid  "        73|   **      •*         "         "         «    14|  •* 

100  «   «  carbonic  acid        «        72l  "      «         **         "         «    86^ « 

And  hence  may  be  deduced  the  following  simple  pro- 
portion for  the  combination  of  the  acids  with  the  bases, 
that  is,  for  the  salts. 
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The  i>x^gmt  of  the  acid  bears  the  proportion  to  the 

^(m/g^en  of  th€  bases  :■ — 

lu  all  neutral  &tilphatc?j  as  60  to  20^  or  as  3  to  1. 
»  «       nitrates,       **  ^l  «  14|,  ^*    «  5  *<  L 

"  ^       carbonates,  **  72j  '*  36;,  «     «  2  "  1. 

Wat^r  acts  also  a»  a  base  when  chemically  com- 
bined with  an  aeid.  In  cotnmon  gulphiiric  acid  (HO, 
S  (>,),  for  exaiTiple,  the  oxygen  of  the  acid  bears  a  pro- 
portion to  the  oxygen  of  the  water  as  3  to  1 ;  in  the 
strongest  nitric  acid  {H  0|  N  0*J,  as  5  to  1|  &c. 
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FIRST  GROUP:    ALKALI-METALS. 


POTASSIUM  (K). 
At  Wt «  4St* — Sp,  Or.  =  0.8- 

Wh  Ihiash,  or  Carbomde  of  Foiansa  (K  O,  C  O,), 
Es^erimenl,  —  Fit  into  a  funnel  a  filter  of  blotting- 
paper,  and  place  upon  it  a  handful  of  tcoc 
W\g.  ifl7.       askes^  and  gradually  pour   hot   water  ovefl 
them;  the  liquid  fikered  through  has  an  al- 
kaline taste,  and  turns  red  test-paper  blue.j 
If  you  evaporate  it  to  drynesfs  in  a  porcelain 
dlfth,  a  gray  mass  finally  remains  behind^! 
which  becomca  while  after  being  heated  to 
redness  in  a  porcelain  crucible  j  it  la  called 
arude    potash.     In  those    countries  whero] 
wood  m  abundant,  —  in  America,   Russia 
^  —  it  18  prepared  in  a  similar  manner  on  a  lar 
,lC|  and  is  an  article  of  great  demand  in  comme 
Id 
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There  are  to  be  found  in  ashes  (§  607)  all  the  sab* 
stances  which  the  plants  received  from  the  soil  daring 
their  growth ;  they  are  not  volatile,  and  therefore  remain 
behind  while  the  characteristic  parts  of  the  wood  or  plant 
are  consumed.  The  soluble  portion  of  the  ashes  is 
taken  up  by  the  water  (potash  and  other  soluble  salts) ; 
those  which  are  insoluble  (silica,  insoluble  salts,  and 
un burnt  pieces  of  coal)  remain  behind  on  the  filter. 

Experiment.  —  Pour  half  an  ounce  of  cold  water  upon 
half  an  ounce  of  commercial  potash,  stir  it  frequently, 
and  let  it  stand  for  one  night  Sepamte  the  liquid  by 
filtration  from  the  sediment,  which  consists  principally 
of  silica;  evaporate  it  down  to  one  half,  and  again 
leave  it  in  repose  for  one  nighty  w^hen  most  of  the  for- 
eign salts  will  be  deposited  in  crystals.  Again  filter 
the  liquid  and  evaporate  to  dryness,  continually  stirring 
with  a  glass  rod,  and  you  will  obtain  a  white  granulated 
mass,  purified  potash. 

Potash  is  very  easily  soluble ;  therefore  it  is  the  first  of 
the  ingredients  which  is  taken  up  by  water,  and  the 
last  which  is  separated  from  it ;  but  the  other  admix- 
tures are  much  less  so,  and  they  remain  partly  undis- 
solved, and  partly  separate  in  crystals  from  the  liquid, 
before  the  potash  shows  even  the  slightest  tendency  to 
crystallize.  There  are  thus  two  methods  by  which 
substances  of  different  degrees  of  solubility  may  be 
separated  from  each  other. 

202.  Experiments  with  Potash, 

Experiment  a.  —  Put  one  portion  of  potash  in  a  ves- 
sel, and  let  it  stand  in  a  dry  apartment,  and  put  an- 
other portion  in  a  cellar ;  the  former  becomes  moist,  the 
latter  deliquesces.  Both  attract  water  from  the  air,  but 
that  in  the  dry  atmosphere  of  the  room  less  than  that 
in  the  damp  air  of  the  cellar.  Potash  is  a  very  ht/gro* 
scopic  salt. 
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E:tp€rimrnl  h,  —  Boil   fo?  same    time,   in   a   vessel 

LcotiUiuiiag  a  qiinrtfT  of  an  ounco  of  potash  and  two 

[ounces  of  wtitiT,  u  piec!e  of  gruy  lirion,  and  some  dirty  or 

LgTi*n^y  linen  or  cotton  ragt*;  the  llciuid  will  become   of 

L^  dark  eulor^  white  the  rags  are  made  wliite  and  clean. 

rPirt,  as  it  is  commonly  chilled,  is  dust,  which  adljercs 

Uto  (he  hkhif  gnnnt*n\^f  &c.,  particnlarly  after  they  have 

Ibeeome  moistcacj   by  pcrsjjiratiorii  or  have   come  in 

ptmtact  wilh    grea^^y   or    oUjt»r    adhesivn    substances, 

[Tlir^c  la&t-meiitioticd  subj?tanccs  may  be  dtsBolved  and 

i^rnuved  by  putarih ;  on  this  depeijcU  the  various  appli- 

Ation  of  thi»  subntaucc  in  cleaning  and  washing* 

Ktptiriment  c- —  I'onr  a  tca^poonfnl  of  potaj?h  into  a 

iumblcr  containing  vim^gar;  there  escapeii  witli  brisk 

efrervesccncc  a  gas,  in  which  a  burning  taper  is  cx- 

Ftingnished.     I'lus  gan  is  Ihti  well-known  carhonk  acid; 

it  i»  chemically  combined  in  the  potash  with  the  basic 

oxide  of  polanjnium  or  potassa-     Pot4ij*h  is  eonsequeiilly 

a  salt,   carhonaie  of  polassa  (K  Oj  COJ;    bnt  beside 

^ibiis  the  crude  potash  contains  abo  several  ot[icr  forrign 

BaltSi  as  silicute,  sulphate,  muriat*^  and  phoi^phaie  uf 

poUi!^.^iii  and  many  .others.     The  feeble  carbonic  acid  is 

not  able   to  destroy  completely  the  basic  properties  of 

the  potaiiea;  therefore  tlic  carbonate  of  potassa  has  an 

alkaline  taste,  and  color?  red  litniuii-paper  blue,     Vin- 

i.Bgar  can  complftely  ncutmlii^e  potassa.     If  you  add  &o 

''Innch  of  it  to   the   potussa,  that  neilher  blue  nor  red 

1ei»t-|i3per  is  altt*re<l,  and  tiien  filter  and  evaporate  the 

V  ■  '  ^  ■  ou  wdl  obtaiu  n  white  «aliue  mass,  —  acetate  of 


Wi-  migh I  suppose  fhat  the  carbonic  acid,  which  so 
''^      *v  aKsnmes  a  gaseous  form*  might  easily  be  ex* 
|.  .y  h<niting;    hut    it   is  a  ^frikir^g   fiu^tj  that  itn 

iendnhip  for  the  potasaa  stands  ihc  proof  even  of  the 
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Hottest  fire.    The  potash  does  not  lose  its  carbonic  acid 
at  the  strongest  red  heat 

The  potash  of  commerce  possesses  very  different  de- 
grees of  goodness  and  purity.  To  test  its 
value,  or  to  compare  several  sorts  with 
each  other,  weigh  one  hundred  grains  of 
each  sort,  and  neutralize  them  with  an 
acid.  A  good  article  requires  more  acid 
than  a  bad  one;  consequently  the  value  of 
the  potash  may  be  estimated  according  to 
the  quantity  of  the  acid  consumed.  An 
dUealimeter  is  a  useful  instrument  for  those 
who  have  frequently  to  determine  the  value 
of  potash.  It  consists  of  a  glass  cylinder, 
divided  into  degrees  (^adualed),  in  which 
the  quantity  of  acid  is  measured  instead  of 
being  weighed.  For  this  purpose  a  test-acid  must  be 
prepared,  of  such  a  strength  that  one  degree  of  it  will 
exactly  neutralize  one  grain  of  pure  carbonate  of  po- 
tassa.  The  number  of  degrees  of  the  acid  consumed 
will  then  indicate  at  once,  in  per  cent,  the  quantity  of 
pure  carbonate  of  potassa  in  the  sample  tested.  The 
value  of  soda  may  be  ascertained  in  a  similar  way 

Bicarbonnte  of  Potassa  (K  O,  2  C  Oj  -|-  HO). 

If  carbonic  acid  is  conducted  into  a  solution  of  car- 
bonate of  potassa,  the  latter  will  take  up  as  much 
again  carbonic  acid  as  it  previously  contained,  and 
crystals  will  be  de|)ositod,  consisting  of  one  atom  of 
potassa,  two  atoms  of  carbonic  acid,  and  one  atom 
of  water.  This  combination  belongs,  accordingly, 
to  the  acid  salts.  On  heating,  the  second  atom  of 
carbonic  acid,  together  with  the  water,  escapes;  and 
the  same  happens,  in  part,  on  boiling  a  solution  of  this 
salt 
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203,  Oxide  of  Potassium^  or  Poiassa  (K  O). 

K  you  %vithdraw  tlic  carbonic  acid  from  the  potash, 
potassa  romaina  beliltid. 

ExfterimenL  —  Place  half  au  outue  of  quickliine  in  a 
plate,  drench  it  with  warm  WEiter,  and  let  it  s^taiid  until 
it  is  slaked,  that  is,  until  it  be- 
comes  a  fine  dusty  powden  Then 
pot  half  an  ounce  of  potasth  into 
an  iron  basin  with  six  ounces  of 
watefj  and  boil  it,  and  gradually 
add  by  spoonftil^t  during  the  boil- 
ing, half  of  the  slaked  lime.  After 
the  mixture  has  boiled  for  some 
time,  put  a  tcaspoonful  of  it  upon  a  paper  filtrr,  and 
pour  the  filtnite  into  viuegiir.  If  it  efi'ervest^s,  still 
more  lime  nmst  be  added  ;  but  if  no  eflervescenee  en* 
snes^  pour  fbe  whole  into  a  bottle,  elo^e  it  up,  and  let  it 
remain  cjuiet  for  some  liour^i  that  the  sediment  may 
subside.  Decant  the  dear  liquor,  and  preserve  it  in  a 
well  •stoppered  bottle.  It  eonsists  of  water  in  which 
potas^a  is  dissolved,  and  is  called  solution  of  causlic  po- 
iauOj  or  lye.     The  carbonic  acid  pn^viously  combined 

with  the  potassa  has 
foittbte.  during  the  boiling  pass- 
ed to  the  lime,  aa  may 
eitfeily  be  seen  by  the 
efrervescence  which  en- 
lea  when  vinegar  or  some  other  acid  is  poured  on 
Ihc  white  eediment  of  lime.  From  the  lime,  carbonate 
of  lime  IS  fanned,  but  potas^sa  from  the  carbonate  of 
poiassa^  The  carbonate  of  lime  is  insoluble,  and  is 
r?  '  *  1  as  a  white  powder  j  the  potassa  ia  soluble, 
11  tnbinea  with  the  water  present. 
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It  would  thus  appear  as  if  lime  were  a  ^Iranger  buse 
than  potassa^  since  it  takes  from  the  latter  the  tarbonie 
add;  but  this  Is  not  correct,  for  in  all  oilier  cases  the 
potassa  is  stronger  than  lime-  BtU  a  tmakef  btue^ 
when  it  /omis  wUh  an  add  an  insolMe  saU^  aiwaf/s  takes 
this  acid  even  from  a  mneh  strons^tr  base*  Thus  the 
i^lime  abstracts  the  carbonic  acid  from  the  potassa,  not 
because  it  has  a  greater  alBnity  for  the  acid,  but  be- 
cause it  forms  with  it  an  insoluble  compound  (etialk). 
In  the  same  way  u  weaker  acid  is  often  able  to  over- 
come a  stronger  one. 

ExperimenL — Evaporate  a  portion   of   the   caustic 
potas^a  in  an  iron  yemel  {glass  and  porcelain  are  at- 
tacked by  it) ;  all  the  waU^r  l»ut  one  at-om  escapcj*,  and 
,  white  mass  finally  remains  behindj  ht/drute  ofpolas^a, 
This  may  be  melted  at  a  stronger  heat,  and  cast  into 
ticks  or  platen  (lapis  infermiJiSj  or  fused  potai^sn), 
Potassa  consists  of  a  metal  {potassium)  and  oxygen 
r  (§  166).     It  also  contains  one  sixth  of  its   weight   of 
mter,  which  cannot  be  expelled  even  by  tlie  strongeatt 
heat ;  ita  proper  name  is,  accordingly,  hydrate  of  potas- 
sa  {K  O,  H  O).     This  water,  as  though  it  wtTe  an  acid, 
is  chcmicalty  combined  with  the  potstsHa.     Water,  be- 
ing an  indifferent  body,  acts  with  stm^ig-  bases  like  an 
adiij  and  with  Hrong  acids  tike  a  base  {§  200), 
204.  Experiments  mih  JJi/dratc  of  Potfusa. 
Expetimcni  a. —  Expose  somej  dry  pota^sn  to  tlw?  ilr; 
it  will  Muni  become   moist ;  indeed,  it  will  deliquesce, 
and  on  longer  exposure  it  will  etrervcsee  upon  the  addi- 
tion  of  an  acid.     Potassn  has  two  strong  atHniticd;  l»t, 
\iQX  umler  I  2tJi^  (or  rarhdnic  nnd.     It  absorb^  I'    "    m 
ftht?  air,  and  h  UR-n  CHnv^Ttcd  into  carbonate  ^i  ^         --u 
Expenment  b* — Heat  in  onit  te«i*liibci  iome  while-, 
and  in  another  some  brown  blotting-paper,  with  some 
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potassa  lye ;  both  papers  will  be  decomposed  and  dis- 
Eolved,  the  vegetable  fibres  of  the  white  paper  {tin en  or 
►rcottoii)  more  slowly  than  the  animal  fibres  ol  the  brown 
paper  (wool).  Potassa  exerts  a  very  corrosive  action^ 
especially  oji  uiiimal  subBtanees.  The  slippery  feeling 
caused  by  rnbbing  lye  between  the  lingers  is  owing  to 
^a  gradual  solution  of  the  skin. 

Etperimeni  c.  —  Boil  in  a  test-tnbe  a  little  tallow  or 

fat  with  a  solution  of  caustic  potassa;  a  union  grad- 

» uaJiy  takes  place  ;  soap  is  formed.     The  soap  prepared 

fi^om  potassa  is  soft,  and  is  called  barrel- soap  or  soft* 

soap. 

ExperimBni  tL  —  If  some  potassa  be  melted  with  sand 

on  a  piece  of  charcoal, 
before   the   blow-pipej 
we   obtain  a  vitreous, 
amorphous  compound 
of  silicate  of  potassa, 
Mucfi  Band  and  a  small 
proportion    of   potassa 
yield  an  insoluble  glass, 
—  the  common   bottle 
or  ttmulmi^  glms;  but 
much   potassa   with  a 
I  fimall  proportion  of  sand,  a  soluble  compound,  called 
soluble  glass.     A  i^oiution  of  the  latter  may  be   em- 
ployed as  a  fire*proof  varnish  for  woodj  canvas,  and 
other  combustible  materials- 

E^erimcnt  e.  —  Dissolve  a  piece  of  blue  %itriol  (sul- 
phate of  copper)  in  water,  and  add  to  It  some  potassa 
lye,  Potassa  Is  the  strong-esi  base  known;  therefore  it 
abstracts  the  sulphuric  acid  from  the  bine  vitriol,  and 
forms  with  it  sulphate  of  potassa,  which  remains  In 
solution.     The  osdde  of  copper,  not  being  soluble  in 
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water  without  an  arid,  is  precipitated  as  a  hydrate; 
that  is,  cheraicaliy  combitied  with  ftome  water  in  the 
form  of  a  delicate  bl no  powder,  ntid  may  1>'        '  m 

a  filter-     Thia  method  is  very  frequently  ^  ,  ^ 
separating  rnettiUic  oxides  from  metallic  salts. 

205,  Pbtassium  (K). 

If  the  oxygen  is  withdrawn  from  the  potassa,  tlien 
potassium  remains  behind,  — a  metal  which  has  so  strcing 
a  tentleney  to  coniblne  again  with  oxygen  that  it  can 
only  be  protected  against  oxidation  by  keeping  it  in 
petroleumj  a  liqmd  which  contains  no  oxygen* 

The  usual  method  of   preparing  potassium   is  by 

putting  carbonate  of  potas- 
sa  andeharroal  into  an  iron 
vessel,  provided  with  an  iron 
exit-tube,  and  exposijig  them 
t^  the  strouge&t  white  heat 
At  this  extremely  high  temperalure,  the  coal  eombInt*a 
with  the  oxygen  of  tile  carbonic  acid  and  of  the  jjo- 
tassa,  forming  carbonic  oxide  gas,  which  escapes.  The 
libera  ted  potaesium  \n  also  converted  into  vapor,  which 
I  conflucted  into  petroleumj  wliere  it  condenses  into  a 
solid  masSj  resembling  silver. 

It  has  been  s!iown  under  carbonic  acid  (§  166),  that 
potussiuin,  at  a  mo<lerate  lieat,  can  withdniw  ttic  oxy 
gen  from  the  carbon;  while  here^  at  a  higher  temper* 
atiirc,  the  contrary  takes  place*     Similar  i  '      ^j' 

in  ehemicnl  actions  are  noi  unfrcqut^nt ;  tli  it) 

the  affinities  of  bodies  for  each  other  are  greatly  allered 
1 1  f  if-rat  nre. 

.;^;-/.— Puia  piece  of  potaf^i^ttim  of  the  riaro 
of  a  pea  Into  a  bawn  of  waiter ;  it/uo/i  with  a  whlzseing 
nai3»e  upon  the  water,  and  butms  at  thu  Batrm  lime  with 


T«»nr 


FOTASSttnil, 


S35 


lively  T«*ddmh  flaint\  A  iter  the  combustion  is  (inlshedf 
tie  potrijdsium  has  appaR'ady  vaniriht'd;  but  it  is  in  fact 
in  ftolatiou  in  tlie  water,  bthig,  huwevert  no  longer  po- 
tnt^stum,  bat  potassa^  as  we  may  easily  aseerlaiii  by  red 
te^t*puper,  the  color  of  wliicii  wUl  be  cliaiiged  by  the 
water  lo  blue,  Consetjucnlly  it  has^  during  the  coin» 
liy^tion,  eombincd  with  o.xygcn  ;  this  oxygen  it  took 
from  the  water,  and  so  niiich  heut  was  thereby  evolved 
that  the  second  constituent  of  the  water,  hydrogeUj  was 
inlknied. 

If  a  piece  of  potassium  h  divided  with  a  knifej  it  pre» 

seats  a  glistening  surface  tike  silver;  but  it  iiumediately 

*tanitfihes  on  exposure  to  the  moist  air,  and  soon  be- 

ccnncs  emi verted  into  a  white  body,  hydrate  of  potassa. 

la  this  CUM**  it  tnken  the  oxygen  from  the  air. 

SalLi  of  Po(ass£k 

Saltj  are  produeed,  as  has  been  before  stated,  when 
a  bafic  c^^mbines  with  an  aKygeii  acid  or  a  hydrogen 
vgeu  Baits  and  lialoid  saltii).  As  there  are 
of  aeidf^^  s^o  also  hundreds  of  potaBaa  salts  may 
be  prepared.  But  those  only  will  hejre  be  considered 
which  are  of  esjiecial  importance  in  ecienee,  the  arts,  or 
tlie  eonnnon  lisch  of  life. 

30(5,  Stiiphai€  nfPoiasm  (KO,  SO,), 
Dissolve  half  an  on  nee  of  potash  in  two  ounces  of 
warm  w^ter,  and  ncutraUsje  with  d  tin  led 
sulphuric  acid ;  evaporate  the  filtered 
h*«|uid  IjU  a  film  appcart*  on  the  surface, 
then  let  it  remain  quiet  for  one  day.  The 
hard  cry^tab  obtained  (eix-sidecj  double 
j  tre  Hulphate  of  poia^a;  they  are 

;, ^ly   soluble   in   w^ateti   and   have  a 

^newhat   bitter  bisie,     Thla  salt  forms  a  constituent 
of  the  welHinown  alum* 
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Acid  Sulphate  J  or  Bisulphate  of  Poiassa  (KO,  2  SO, 
+  HO)  is  obtained  as   a   secondary   product  in  the 
preparation   of  nitric  acid  from   saltpetre   (§159).     It 
contains  one  atom  of  base  and  two  atoms  of  acid,  and 
has  a  very  acid  taste.     But  the  second  atom  of  add  is 
more  feebly  combined  than  the  first,  and  may  be  ex- 
pelled by  the  application  of  strong  heat 
207.  Saltpetre,  Nitre,  or  Nitrate  of  Potassa  (K  O,  N  O,). 
Dissolve  half  an  ounce  of  carbonate  of  po- 
FiffMiz    tassa  in  one  ounce  of  hot  water,  and  neutral- 
ize with  nitric  acid ;  afterwards  boil  and  filter 
the  liquid,  and  set  it  aside  to  cool ;  prismatic 
crystals    of   nitre    will  be   deposited    from    it,* 
which   have  a  cooling  taste,  and  undergo  no 
alteration  in  the  air. 
Kxperiments  loith  Nitre. 

Experiment  a,  —  Heat  some  nitre  in  a  test-tube;  it 
melts ;  if  you  pour  it  by  drops  upon  a  cold  stone,  you 
will  obtain  globules  of  nitre.  Upon  the  applicatioa  of 
a  stronger  heat,  oxygen  will  escape,  and  afterwards 
nitrogen ;  consequently,  the  nitric  acid  is  thereby  re- 
solved into  its  two  elements. 

Experiment  b.  —  If  you  throw  a  little  nitre  on  a  glow- 
ing coal,  it  will  sparkle  briskly ;  it  deflagrates.  Iii  this 
case,  also,  the  nitric  acid  is  decomposed,  and  its  sud- 
den conversion  into  two  gases  is  the  cause  of  the  spark- 
ling. The  oxygen,  becoming  free,  finds  in  the  coal  a 
body  with  which  it  can  combine ;  the  escaping  gases 
are,  accordingly,  carbonic  acid  and  nitrogen,  A  portion 
of  the  carbonic  acid  formed  combines  with  the  potassa, 
which  remains  behind.  From  K  O,  N  Oj,  and  2j  C  are 
formed  KO,  CO.^,  and  Ij  CO,.  The  hard  saline  mass, 
congealed  from  its  molten  state,  remaining  on  the  coal, 
has  a  basic  reaction,  and  eflervesces  with  acids ;  it  is 
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carbonate  of  potn*?sa,  or  potash.  In  order  to  render  sub- 
stances more  inHLLmmable,  they  are  often  drenched  with 
a  solution  of  nitre;  as^  for  example,  tinder,  &c, 

Experimtfit  c.  —  Mrx  thoronghly  in  a  mortar  sItc 
drachms  of  powdered  nitre,  one  drachm  of  charetial* 
powder,  and  one  drachm  of  sulphur;  this  is  puivfr* 
iz€fi  gtinprnvden  Take  a  little  on  the  point  of  a 
knife,  put  it  on  a  stone,  and  ignite  it  with  a  match ;  a 
brisk  deflagration  will  ensue.  Knead  the  rest  of  the 
powder,  'writh  some  drops  of  water,  into  a  paste,  and 
squeeze  it  through  a  leaden  colander*  The  thread-like 
mass  thus  obtained  is,  when  partly  dry,  divided  by  gen- 
tly rubbing  with  the  fingers  into  small  grains  j  this  is 
gunpowder. 

Experiment  d* — Place  some   gunpowder   upon   an 

iron  plate,  and  ignite  it; 

more  quickly  than  with 
the  pulverized  gunpow- 
der, because  the  granulat- 
ed gnnpow^der  is  less  com- 
pact  than  the  pulverized. 
In  this,  as  in  the  former 
deflagration,  there  are  also  e%*olved  from  the  coal  and 
the  nitric  acid  carbonic  acid  and  nilrogen^  two  gases 
which  instantly  occupy  a  space  several  thousand  times 
greater  than  before.  Sulphur  not  only  cflects  an  easier 
ignition  of  the  gunpowdcrj  but  it  causes  also  a  strong- 
er evolution  of  gas;  since  it  combines  with  the  po- 
tassium of  the  nitre^  forming  sulphuret  of  potassium, 
whereby  three  atoms  of  free  carbonic  acid  are  evolvedj 
while  in  experiment  b  (without  sulphur)  only  an 
atom  and  a  half  of  this  gas  has  been  set  tree.  If 
the   deflagration    of    the    gunpowder    takes   place  in 
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a  coiiEned  space,  as  in  a  gun-barrel,  the  explosive  rio- 
lenc«  with  which  the  two  gases  are  suddenly  expanded 
b  strong  enough  cither  to  projcet  the  bait  or  to  burst 
the  gmi*  The  sulpburet  of  potasi?imn  remaining  on  the 
iron  gun-barrel  soon  becomes  moist  in  the  aifj  and  then 
emits  the  odor  of  sulphuretted  hydro£rcn  (§  133)  j  at  the 
same  time,  the  iron  is  blackened  by  the  Ibrmation  of 
Bulphnret  of  iron  upon  the  surface, 

Mrperinienien — ^Mix  twenty  grains  of  iron  tilingB 

with  ten  grains  of  nitre,  and 

heat  the  mixture  in  an  iron 

spoon,  the  handle  of  whieh 

has  been   fixed  into  a  cork; 

a  bri^k  ignition  of  the  mix* 

ture  will  ensue;  the  iron  will 

be  oxidised  by  the  oxygen  of 

the   nitric    acid^    while    the 

nitrogen    escapes*     The    po- 

^tassa  remaining  behind  may   be  dissolved  by  wat4'n 

Nitre  is  on  this  aecN^unt  well  adapted  for  converting 

tnetaU  into  metallic  oxides. 

/.—  If  nitre  be  heated  with  sulphuric  acid,  the  nitiic 
acid  escapes  (§  159). 

g* — Animal  substances  are  preserved  from  putrefying 
by  nitre  ;  it  is  therefore  used  in  the  packing  of  raeat 

The  manufacture  of  nitre  is  conducted  in  a  very  pc- 
culiar  manner.  Animal  substances,  for  instance,  {liecc^s 
of  flesh,  hides,  hair,  &e*,  are  mixed  with  lime  and  earth, 
and  then  moistened  with  w^atcr  or  urine,  and  ^ulFercd 
to  putrefy  slowly*  AjiimaJ  eubstaneeti  are  rich  in  mtfo* 
gttij  which,  during  putrefactjoni  la  set  free  in  the  form 
of  ammonia  (NIlj)  ;  Uib,  after  a  time,  unites  witli  the 
oxygen  of  the  uir^  forming  nitric  acid  (and  water),  which 
,  icid  ia  immcdiattly  neutralized  by  the  lime.     K animal 
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fubfttanees  deciiy  wilhout  the  presence  of  lime,  or  some 
other  strong  base,  no  nitric  aeid,  but  only  ammonia, 
will  bt^  protiucrd  ;  conscqmniii/^  it  i>  the  strotig  base 
which  disfHtsfd  the  nitrogen  to  combine  toith  the  oxygen 
(§  146),  MicT  the  completion  of  the  putrefaction,  add 
wufcT  til  rx tract  the  soluble  matter,  and  a  solution  of 
nitrate  of  lime  ia  obtained,  wlitch  is  converted  by  car- 
bonate of  potnssa  into  soluble  nitrate  of  potassa,  and 
in«okibli»  carbonate  of  lime*  Nitre-beds,  so  called,  are 
prepared  in  this  \%iiy.  We  nUo  obtain  nitre  firom  the 
Ea«*t  Indica,  where  it  h  spontaneously  generated  in 
many  limerslom^s  containing  potassa* 

208.   Otiorate  of  Fofasm  ( K  O,  CI  O,), 

ThiB  salt,  ae  its  formula  indicates,  may  be  regarded 
as  a  brother  of  nitre  ;  but  its  disposition,  compared  with 
that  of  the  latter,  is  far  more  intractable  and  violent, 
since  chloric  acid  is  much  more  easily  decomposed  than 
nitric  acid* 

Erperimenis  tdth  Ckhraie  of  Rdttssfu 

Erperimeni  «,— CUlnrate  of  potassa  if^,  by  merely 
heating,  very  easily  resolved  into  oxygen  and  chloride 
of  poUisj^ium ;  therefore  it  is  used  iji  the  preparation  of 
oxygen,  as  was  described  iti  §  SD. 

Erjt€rifjienl  b* — Wlien  thro\^Ti  on  glowing  coals,  it 
deflagmt^s  still  more  briskly  than  nitre;  the  oxygen, 
as  it  is  librm ted,  occasions  a  very  energetic  combustion 
of  the  coal.  This  *ea!f  cannot  be  employed  in  the  prep- 
aration of  gimpowderj  n^  the  rapidity  with  which  it 
expIode}<  would  be  too  much  for  the  gnns;  yet^  on  this 
very  account,  it  h  extrvniely  seniccable  in  firc-workS) 
ct^pecially  for  producing  variegated  DrrSp  The  grfiolesi 
cmitum  nmst  b»*  (vbserved  in  pulverising  and  mixing  it, 
Bs  it  may  explode  by  merely  rubbing  or  pomiding  it. 
When  Uis  ia  be  ground Jine^  it  should  alwaj/s  be  previous* 
30 
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ly  moistened  wWi  some  drops  of  water;  the  mixing  of  it 
with  other  substances  must  always  be  done  with  the 
hand. 

Experiment  c,  —  Introduce  some  crystals  of  chlorate 
of  potassa  into  a  beaker-glass,  and  add  a  small  quan- 
tity of  alcohol,  and  afterwards  a  few  drops  of  sulphuric 
acid  ;  the  sulphuric  acid  expels  the  chloric  acid,  which 
is  immediately  decomposed,  and  there  is  so  great  an 
evolution  of  heat  as  to  inflame  the  alcohol. 

Ejcperiment  d.  —  Mix  some  chlorate  of  potassa  be- 
tween the  fingers  with  about  half  as  much  flowers  ot 
sulphur,  and  \hrow  the  mixture  into  sulphuric  acid, 
contained  in  a  beaker-glass ;  a  brisk  crackling  and  an 
ignition  of  the  sulphur  take  place.  This  experiment 
is  daily  performed,  though  in  a  somewhat  different  way, 
in  every  German  household,  although*  not  exactly  with 
the  view  of  studying  chemistry.  Every  one  performs 
it  who  ignites  a  match  by  means  of  the  match-flask. 
The  red  mass  on  the  end  of  the  match  consists  of  chlo- 
rate of  potassa  and  sulphur,  which  has  been  colored  red 
by  cinnabar;  and  the  flask  contains  asbestos,  moistened 
with  sulphuric  acid.  The  asbestos  serves  to  prevent 
the  too  deep  immersion  of  the  match.  10  parts  of  sul- 
phur, 8  of  sugar,  5  of  gum  Arabic,  2  of  cinnabar,  and  30 
of  finely  powdered  chlorate  of  potassa,  form  with  water 
a  good  inflammable  mass,  with  which  the  piece  of  wood 
previously  dipped  in  melted  sulphur  is  coated. 

e,  —  Chlorate  of  potassa,  like  nitre,  oxidizes  the  metals 
on  being  heated  with  them. 

/.  —  If  you  heat  chlorate  of  potassa  with  muriatic  acid, 
chlorine  escapes.  This  docs  not  proceed,  however,  fi-om 
the  chlorate  of  potassa,  but  firom  the  muriatic  acid, 
which  is  deprived  of  its  hydrogen  by  the  oxygen  of  the 
chloric  acid,  in  the  same  manner  as  it  was  by  the  oxy- 
gen of  the  manganese,  or  of  the  nitric  acid. 
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ilOTatc  of  poiassa  is  prepared  by  passing  chlorine 

^fcitti  a  hot  solution  of  pDta!>sa ;  the  process  is  lUustmt* 

ed    by  the   annexed   dia^am:   two   salts   are   formed 

tlmultaneotiely,  cliloride  of  potassium   and  chlorate  of 

potaiisa ;  the  first  is  easi- 
%*p!ujiir   lyi  the  latter  more  spar- 
"""  "^     iilgly  Eoiiiblt!  in  water; 
they    may   therefore   be 
DQiabiib      separated      from     eaeh 
other  by  crystallization, 
Silkaie  of  Poiassa  is  the  principal  coustitaeut   of 
most  rocks  and  of  glass  (§  s>04). 

209.  Chf&ride  of  FoiassiuMi  or  Muriate  of  Potnsm 
(KCl). 

Dii&iolve  half  an   ounce  of  carbonate  of  potassa  in 
water,  and  neulnilize  with  muriatic  aeid ; 
upon    eoncentmting  the    solution,   cubic 
cryBtak  wilt  be  obtainedj  having  a  taste 
Blmiliif  to  common  salt.     They  consist  of 
potaeisium  and  ehlurine,  and  if  dissolved  in 
water,  they  may  be  ri'gurdi.^d  as  muriate  of 
potaiisa,  KCl  +  HO,  being  the  same  as  KOj  HCK 
210.  hdide  of  Potassium^  ar  Mtjdriodale  ofPotassa  ( K  I)* 
'lliiH  Halt  likewise  crystallize!*  in  cubes,  is  easily  sol- 
ttble  ill  water,  and  is  employed  in  medicine  as  a  valu- 
able remedy. 

Kr/H-rimrn!.  —  To  prove  that  iodine  is  really  con- 
ned in  tins  white  salt,  hnat  a  small  portion  of  it  in  a 
^lubi?  with  a  little  nnin^anci^e  and  some  drops  of 
buric  add,  %'hen  violet  fames  will  be  evolved.  If 
ion  salt  ia  treated  in  llie  same  mannerj  chlorinCi  as 
liimwu,  will  be  givefi  oil.  The  chemical  action  is  the 
irne  La  both  ca^es. 
21 L  Turin f,  or  Bitartralc,  ofPoiassa  ( K  0, 2  T+  H O), 
Ck>mmon  sorrel,  the  branches  of  grape-vines,  nnn|je 
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grapes,  &«*,  have  an  acid  tast^;  they  cotitain  an  acid 

pj    j^^  Baltj  tartar  (§195),     Thcs^  plaata 

absorb  the  alkali  from  the  soil^  but 
by  mma  uukimwn  proccsi  they 
prepare  the  tartaric  acid  by  means 
of  their  ciwTi  organization.  Ripe 
grapes  also  contain  tartaric  acid, 
but  the  sour  tasfa  is  concealed  in 
them  by  the  sweet  taste  of  sugar,  and  wc  do  not  per- 
ceive it  until  the  angwr  ia  converted  by  fcrinenUitioii 
into  alcohol;  that  is^  until  the  mast  is  converted  into 
Wine,  A  great  part  of  the  tartar  is  deposited  in  the 
wine-casks  as  a  hard,  gray,  or  red  crust  (crude  lartar). 
When  this  is  purified  from  coloring  matter  by  recrys* 
allization,  wc  obtain  a  white  tartar  (purified  tnrUir)* 
The  powder  of  it  is  well  known  under  the  name  of 
cream  of  tartar.  Tartar  is  very  eparingly  soluble  in 
^ water.     That  it  burns  on  heating,  forming  cnil  of 

>tassa,  has  been  already  shown  undrr  tatii  ;J. 

Pure  carbonate  of  potaasa  is  commonly  prepared  from 
^tartar- 

Neuirai  Tartrate  of  Pota^fsa  (KO,  T). 
To  prepare  this  salt,  dissolve  half  an  ounce  of  puni 
carbonate  of  potassa  in  two  and  a  half  ouni'es  of  water, 
then  add  one  onnee  of  purified  tartar,  and  let  the  mix- 
ture staad  for  a  day  in  a  warm  plaee,  frequently  stirring 
it      The   filtered   liquidj   after  tiutficient   cvt.  "    n 

yiehb  [jrinmatic  crystals,  or,  when  cvaporatoi'  y 

ueas,  a  white  powder.     This  salt  t^  very  eaj^ily  salobk, 
but  is  also  very  easily  decomposed  by  other  a-  '  n 

by  very  feeble  ones.     On  mixing  a  wilution  ti  h 

vinegar,  a  whil4f  powder,  cream  of  tartar,  h  predpitatcd* 
The  Hccond  aTjun  of  fhe  l>a>'    ■  d 

by  other  acids,  and  thus  the  .;  :  ^__  _^ii, 

tartar,  is  a^iu  formed. 


I 
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Aa  in  the  above  experiment  the  secowd  at^m  of  the 

'firiil  in  thr  tartur  wrj?  Ti«*utralized  by  polas.^a,  so  wb  can 

al-^o  mnitmlizi^  it  hy  other  bases*.     We   obtain  in  tliii 

manner  tiouble  »alt8j  several  of  which  are  tised  as  val* 

.tiubh*  int*<lj<*ines, 

|^:irtxntc  of  jKJtnssa  *+-  tartrate  of  water  ^  crcam  of  tartiir* 

•*      **       w      ^      u        "  Botjii  ^EmWlc  Mils. 

*'       **        *^      «|»      '*         '•  lirnttifmifi  ^  Ammonmtctl  Uiruir* 

**      **        **      +      **        "  J*croxil!(^c*fi^ort       ^  tditarUcd  iroii. 
**      •*       **     +      "        *•  oxiJe  of  aiitimony  s  tartor  emetk. 

212,  Salt  of  Sorrel^  Acid  Oxalate^  or  BifWxaMe  of 
ifissa  (K  O,  2  C,0,~{- 2  110). 
The  leaves  of  the  wood-surrel  liave  a  soar  taste,  and 

contain  also  an  acid  «alt,  the  base  of  which  is  likewise 
pnta^sa ;  the  acid,  however,  h  not  tartaric,  but  oxalic 
arid*  In  tliot^e  places  where  tlic  sorrel  grows  abun- 
danljy  the  juice  is  expressed,  and  the  salt  is  obtained, 
by  evaporation  and  erystallis^afion,  in  white,  sparingly 
soluble  crystals.  It  has  already  bt-cii  noticed  (§11*7). 
It  is  in  common  use  for  removing  ink*apots  from  linen, 

213.  Litwr  of  Srtfphtr,  or  Tenulphnrci  of  Potasdum 

ExperimtnL — Put  a  mixture  of  one  drachm  of  sulphur 
and  two  drachrns  of  dry  carbonate  of  potassa  into  an 
iron  ladle ;  cover  it  with  a  strip  of  sheet-iron,  and  heat 
it  until  the  effervescence  has  ceased  and  the  mass  flows 
quietly.  The  fused  mass  has  the  color  of  liverj  and  on 
this  account  has  received  the  name  iiver  of  siiipftitr; 
pour  it  upon  a  stone,  and  if  it  should  inflame,  cover  it 
k^ith  a  vessel  to  extinguish  it  On  exposure  for  some 
^time  to  the  air  it  becomes  greenish  and  moiift,  and 
evolves  an  odor  like  that  of  rotten  eggs.  The  simple  sul- 
phur cannot  eomhine  directly  with  the  compound  car- 
bonate of  potasHu,  but  it  can  do  so  if  the  latter  tiurrenilers 
its  carbonic  acid  and  its  oxygen.  This  does  take  place 
20* 
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The  carbcnic  acid  escapes  wth  effcnrescenee,  while 
oxygen  combines  with  one  quarter  of  the  BiUphur,  form- 
ing  suiphuric  acid^  which  unites  with  a  portion  o{  the 
iiiidecomposed  potassa,  fonning  sulphate  of  poiassa; 
accordingly,  the  liver  of  Bulphur  is  a  mixtttre  of  iersuU 
phurei  ofpoiassimn  and  snijfkaie  ofpotassfU 

ExpmmtfiL  —  Pour  water  into  a  te&t-tube  contain- 
ag  some  liver  of  aulpbujj  you  obtain  m  yellowish* 
green  solution.    K  to  this  you  add  diluted  Bulpbiinc 

acid,  a  strong  evolution 
of  sulphureUed  hi/drog^n 
itiken  place,  and  the  liquid 
becomes  milky  from  the 
precipitation  of  two  ihirda 
of  the  sulphur  (milk  of 
guiphur).  A  decora  post* 
tion  of  ^^mfer  hereby  takes 
place;  the  oxygen  of  the 
water  converts  the  potassium  into  potajsgm,  whieJi  unites 
with  the  sulphuric  acid,  but  I  he  hydrogen  escapes,  wiUi 
one  third  of  the   sulphur,  as    sulphuretted    '  u 

The  same  thing  is  elfectedi  though  far  more  oi - ,  ^/y 

the  carbonic  acid  of  the  air,  and  thus  is  explained  why 
the  liver  of  sulphur  (as  well  as  the  residue  left  on  the 
combustion  of  gunpowder)  emits  a  smell  like  that  of 
rotten  eggs  when  it  is  left  exposed  to  the  air. 

The  liviT  of  sulphur  is  cliietly  used  for  prepariiig  sul* 
phnr  baths.  A  similar  preparation  is  obtained  hi  the 
UHJist  way^  as  ha»  been  described  (^  129), 

Bcitides  this  combtnrition  of  ptUassium  with  stttphttff 

_ there  are  &*n^eml  others,  eon tainirt-  -i**    r  more  or  tisaa 

fculphnr.     The  siinplcjtt  compound ;  : » ur  and  potaif* 

iium  (K^)  b  obt^iined  by  Inmttng  loi^rthtT  sulphnte  of 

potoMU  and  ehaieoali  which  latter  abatraotft  tbe  oxygen 
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liotli  from  tlic5  potassa  and  from  the  sulphuric  acid 
forminj^  with  it  carbonic  oxitle,  which  es<*iipes.  In  the 
S.5imi*  iimriripr  all  suiphates  are  converted  into  uilphunii 
by  heating  them  with  charcoal, 

214,  Pittfissa  Willis  m  Manure^  —  The  salts  of  potaasa 
exercise  a  very  bcjieficial  iniliiciiee  upon  the  fertility  of 
the  »oU,  and  arr  pjirticularly  adapted  for  those  plants, 
in  Iho  ashea  of  whicli,  when  burnt^  the  pot^s^sa  salts  are 
found  ;  nameiy,  for  tlie  grape-vine,  potatoes,  turn »j is,  A^ 
Bueh  jihmts  may  be  called  patasm  plants*  It  in  now 
known  that  plants  do  not  flourish  even  in  the  richest 
*oil,  unless  they  find  in  it  certain  bases  (pottLsna,  lime, 
&c,),  and  aldo  certain  acids  (silicio,  phosphoric,  sul- 
phuric, Ice.},  In  onlrr  to  ascrrUun  what  aeida  and 
baM!j<,  or,  in  other  words,  wliat  sall,%  are  ictjiiired  for 
the  cultivation  of  a  certain  plant,  it  is  merely  necessary 
to  liurn  tlii!%  plant  EUid  exnmint*  the  asihea.  The  sub- 
fitaneea  which  are  found,  though  tljeir  amount  is  gener- 
ally but  very  «miill,  must  be  regarded  as  indhpcnsabk 
to  the  mmrishmrrtl  of  tkU  planL  If  the  soil  i>^  de?^titute 
of  potassa,  neither  tuniipa  nor  grape*vines  will  llimrish 
in  it;  if  destitute  of  lime,  it  will  produce  neither  clover 
nor  peas.  By  the  addition  of  pot  ass  a  %k\{s  we  can 
restore  to  such  a  soil  its  fertility  for  the  pota^^^a  plants, 
and  by  the  addition  of  lime  we  again  render  it  produc- 
tive for  the  lime  plants*  On  thi*  is*  founded  tlie  appli* 
cation  of  the  ^u-called  mineral  manure  (lime,  g)"ps(im, 
wood«asbc»,  salt.  Ice.)  to  om  fieldii.  Common  ruanure 
h1so>  and  .^*  "  ^  partly  in  the  same  way 

ni nee  they  u\  ;       :^  iioric  acid,  aa  well  as  in  al* 

kaJjne  and  in  lime  salts.     If  turoips  arc  cultivated  &ca- 
Hon  aftx^  N*a*on  upon  t!ic  ftame  field,  tbc  putas^a  will 
[finally  become  exhaustedf  and  turnips  will  no  longer 
I  grow  there;  the  same  thing  happens  when  peas  am 
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planted  year  after  year  upon  the  same  land,  aa  they 
will  at  last  exhaust  all  the  soluble  Unie  from  tlm  soil 
But  turnips  will  ilourish  in  this  latter  field,  becauiie  it 
&tiU  contains  potassa,  and  peas  in  the  former  field, 
where  lime  is  still  present  ThnB  is  explained^  in  a  very 
shnple  manner,  tliu  advantage  of  the  rotation  of  cropi^ 
which  has  been  uiuvcrsaily  introduced  into  agriculture. 


SODlOTt  (Kfl), 
At.  Wi,  =  290,  — Sp.  Gn  =  03* 

Common  SaU^  Chloride  of  SodiuRi^  or  Mtiriale  of  Soda 
(Na  CI). 

215*  Ki-pcrimaiL  —  Dissolve  one  ounce  of  salt  in  two 
and  three  fourths  ounces  of  csold  water;  the  water  will 
dissolve  no  more,  even  if  added*  Repeat  the  expert* 
mcnt,  using  hot  instead  of  eold  wiitL*r;  the  result  is 
precisely  the  same.  Common  salt  has  the  remarkable 
property  of  bein^  equally  solubk  in  hoi  ami  in  cold 
water.  A  larger  quantity  of  almost  all  other  salts  ij 
dissolved  by  hot  than  by  cold  water.  Put  one  of  these 
lutions  in  a  warm  plaoe;  by  the  gradual  evaporation, 
Fif.iift.  regular  transipaR*nt  crystals  of  common 
r^^^n  s^tt  are  formed*  Boll  down  the  oUier 
p^ — ^H  iolution,  quickly  stirring  it  all  the  while ; 
|H      it  yields  a  granular,  optiquCj  saline  powdc 

1 W^        (disturbed  crystaEizatioo).      Salt   Lh   ||| 

ptsred  a»  last  described  on  a  large 
ad  h'  -  gTanuIar  state  of  commoit  saltt 

\Kij:  /.  —  If  you  exfxjse  a  solution  of  salt  in  an 

open  place  during  the  extrcujc  cold  of  winter^  tmnspiar- 
ent  priKiiialit*  crystals  will  be  fornR*tl,  which  contail 
more  than  one  third  of  water.     WUn  placed  on 
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hand  they  quickly  become  opaque  and  deliquesce  into 
a  syrupy  massi,  in  which  naincrotis  small  cubic  crys* 
lals  m^iy  be  perceived,  Tliis  experiment  shows  very 
clearly, — 

L)  How  one  and  the  snrnc  body  mfty  assiime  dilFcr- 
mit  forni:*  at  dilTerent  ttuii pern t  urea ;  at  common  tern* 
peratuma  salt  crystaUizcs  in  anhydrous  cubes,  but  under 
the  inflnencc  of  cold  In  hydj-ated  prlmns. 

2.)  Uo%v  great  an  indue  nee  tc  in  perature  exerts  upon 
the  uffinities  of  bodies  for  each  other.  At  a  temper- 
ature above  the  freej?ing  point,  salt  has  no  affinity  for 
water;  we  obtain  anhydrous  eul>es;  below  the  freejsing 
point  it  ba»  an  affinity  for  water,  and  we  obtain  prisms 
which  consist  of  a  ehemteal  eombioattou  of  aalt  and 
water, 

3.)  How  easily  chemical  bonds  of  affinity  may  be 
destroyed  again ;  the  heat  of  the  hand  even  is  sufficient 
to  destroy  the  allinity  of  t?alt  fur  water. 

Exp€nm€nU  —  Heat  some  common  salt  on  a  plati- 
num foil;  it  will  snap  bri^^kly,  and  part  of  it  will  be 
thrown  off  from  the  foil ;  that  which  renmins  mellt 
when  the  foil  bceomca  red-hot  The  snapping  proceeds 
from  a  trace  of  water  (waf*'r  of  decrepitation  J,  whicb 
has  remained  in  the  inter«1ice3  of  the  crystals  ;  on  being 
heated  it  eifpands  and  bursta  the  crystals  asunden 

Salt  has  been  previously  twice  artificialiy  prepared; 
namely,  onct*  from  sodium  ixnd  ehlorine  {§  153),  and 
ttgmn  from  soda  ond  muriatic  acid  (^  186) ;  its  constit* 
werita  are  accordingly  alrejidy  known*  It  ha?  the  formula. 
Na  Ct  If  water  is  prcnent^  it  iiniy  be  Regarded  al^o  as 
muriate  of  soda,  for  Na  CI  -}-  H  O  is  etjual  to  Na  O, 
HCL 

216.  The  earth  and  sea  abound  in  common  suit ;  it 
may  therefore  be  easily  procured  in  large  quantitlds. 
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In  many  places  it  is  found  in  the  interior  of  the  earth, 
in  immense  beds,  from  which  it  is  broken  up  and 
dug  out  This  salt  looks  like  a  transparent  stone, 
and  so  is  called  rock-salL  In  those  places  where  the 
rock-salt  is  mixfd  with  stones  and  earth,  a  hole  is 
bored  in  the  middle  of  the  bed,  and  water  is  let  into  it. 
The  water  is  pumped  out  again  as  soon  as  it  has  be- 
come saturated  with  the  salt,  and  is  again  expelled  by 
evaporation.  In  some  places  springs  are  found  contain- 
ing salt  in  solution,  the  sq-called  natural  scUt  springs. 
These  are  always  occasioned  by  the  water  permeating 
the  earth  over  a  bed  of  rock-salt,  and  appearing  as  a 
spring  at  some  lower  leveL 

As  the  natural  spring's  commonly  contain  much  more 
water  than  is  necessary  for  the  solution  of  the  salt,  a 
cheaper  method  than  that  of  fire,  namely,  a  current  of 
air,  is  first  employed  for  the  evaporation  of  it.  The 
salt  water  is  pumped  up  to  the  top  of  a  lofty  scafibld- 
ing  filled  up  with  fagots  {graduation'house)^  and  from 
which  it  is  made  to  fall  by  drops  tlirough  the  fagots. 
It  diffuses  itself  over  the  branches,  and  tlms  presents  a 
very  large  surface  to  the  air  passing  through,  whereby 
a  very  rapid  evaporation  is  efiected.  All  natural  salt 
waters  contain  gypsum  in  solution ;  this  is  first  deposit- 
ed, since  it  is  diificultly  soluble,  and  encases  the  branch- 
es with  a  hard  crust  When  the  greater  portion  of  the 
water  is  evaporated,  the  concentrated  brine  is  finally 
boiled  down  with  constant  stirring  in  large  pans,  and  the 
granular  salt,  which  separates,  is  raked  out  and  dried. 
During  the  evaporation,  a  solid  incrustation  is  deposited 
at  the  bottom  of  the  pans,  consisting  principally  of 
Glauber  salts  and  gypsum,  and  from  wiiich  Glauber 
salts  are  extracted.  Finally,  a  somewiiat  thick  liquid 
remains,  the  so-called  mother-water,  from  which  no 
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morm  salt  can  be  extracted;  it  contains  the  easily 
Bohible  fim'j^n  &nlls  present  in  the  brinej  namely,  chlo 
lides  of  calcium  and  magnesium,  and  bromide  of  mag- 
nesium, and  is  used  for  baths  and  for  the  preparnUon 
of  bromine** 

in  hot  countries,  salt  is  also  prepared  from  sea-water, 

l^'hich  is  evaporated  in  slmllow  tiinks  by  the  heat  of  the 
sun*  It  la  calied  hat/'Mli^  and  has  a  bitterish  taste,  ow- 
ing tci  the  prcsenea  of  salts  of  magnesia,  A  ponnd  of 
eea-water  contains  from  one  half  to  five  eighths  of  an 
ounce  of  common  polt, 

217,  Small  qimn titles  of  common  salt  are  fiminl  in  al- 

1  most  every  spring  of  water,  in  every  aoil,  in  every  plant 
Is  tfiis  universal  tUtfusion  of  salt  to  be  regartled  as  acci- 
dental? By  no  means.  This  is  one  of  the  Bpiritual 
advantnges  ta  be  derived  from  tfie  study  of  the  natural 
seienees,  that  tliey  lead  us  to  di^tiaguji^li,  in  tlie  wonder- 
ful arrangements  of  naturcp  not  the  sport  of  chance,  but 
the  forming  hand  of  an  Eternal  Wisdom.  We  find 
common  salt  everywhere  in  naturej  because  it  is  indis- 
pensable to  the  life  of  animab  and  plants*  Without 
saU,  no  eomplfie  digestion  of  food  could  take  place, 

;  and  therefore  we  justly  regard  it  as  a  universal  condi- 
ment  Animab  find  it  in  the  meat  and  plants  by 
which  they  are  nourished  ;  plants  receive   it  from  the 

[#cril  and  rain,  an<l  it  is  well  known  that  we  can  promote 
the  fertility  of  our  tields  by  the  applJeatiou  of  a  coarse 
kind  of  salt. 

Salt  is  also  used  for  preserving  animal  and  vegetable 
suhstrtneesi,  h  having  (he  power  of  preventing  chemical 
dceom positrons,  or,  in  common  hinguuge,  putrefaction 
or  decny<  Mt\i*  and  fish  arc  ealted  down^  and  wood 
lor  (he  purpose  of  building  h  rendered  more  durable  by 

rbemg  impregnated  with  salL 
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2ia   Glauber  SatiSt  or  Bulphate  of  Soda  (Na  O,  S  O,  -^ 
10  110). 
As  inost  of  the  potasMa  salts,  potassa,  and  r 
are  prepajed  frotn  carbonate  of  potassa,  so  nn  »a 

soda  salts,  soda,  and  sodium  are  prepared  from  com- 
mon saJt  In  the  latter  case,  however,  an  in- 
direct process  inu^t  often  be  ri^sorttid  to,  ftiiieo 
chlorine  h  not  so  easily  removed  from  sodium 
as  carbonic  acid  is  from  potassa*  Tht;  chloride 
of  sodium  must  first  be  converted  into  sulphaU 
of  soda.  We  are  already  acquainted  witli  iJim 
edt,  it  having  remained  in  tlie  retort  after  the 
preparation  of  muriatic  aeid  (§  185),  whrrc 
common  salt  was  heated  with  sulphuric  aeid.  It  was 
formerly  taken  as  a  popiilur  medieinej  under  the  name 
of  Glauber  saltSj  so  called  from  its  disco vcrefj  the  phy- 
sician, GUmber*  We  find  it  also  in  many  mineral 
Raters,  for  instance,  in  the  Carkbad  and  PuUna  waters, 
ind  in  the  incrustation  of  the  salt*panS|  as  wastnenr 
tioned  under  common  salt  It  is  readily  soluble,  erj^s* 
.tallisses  in  four  or  six  sided  prisms,  and  has  a  nauseous 
>  bitter  taste, 

MxperimenL — Place  half  an  ounce  of  transparent 
.crystallized  Glauber  salts  in  a  warm  placr;   they  !K»on 
become  covered  with  an  opaque  white  coating,  and  final- 
ly crumble  into  powder;  they  tjfloreiscn.    The  powder 
robtained  weighs  hardly  a  quiirter  of  an  OLine4?,     That 
which  was  lost  was  water,     Glauber  ^alta  contain  more 
than  half  theij  weight  of  water  of  crysttalli/ation*     It  is 
jthuH  obvious  tliat  it  is  this  chcmieally  combined  "water 
l^which  imparts  to  the  salt  ilH  form  and   transparejieyi 
botti  of  which  are  lost  when  the  water  is  evaporated  by 
^  ^  :  but  they  reappt^ar  when  th«*  pf  »• 

,  I  r .-,.  i,-^  suit  is  diffflolvcd  iu  boiling  water,  ,ii. 
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allowed  to  cool  CarbonBta  of  potassa  is  a  deU^ 
cent  salt,  coinmon  salt  is  b.  permanent  saU  in  tbe  air, 
(while  Glaubei  salts  are  EffionscetU.  Salts  wliich  efflo- 
esce  moat  lie  kept  in  a  cool  place,  well  corked  up* 
Kvprnment —  If  a  crystal  of  Glauber  salta  is  heated 
[on  charcoal  before  the  blow^pipCj  it  soon  melts,  because 
Ift  dissolves  in  its  water  of  crystallization  (watery  fu- 
fflion) ;  it  becomes  dry  as  soon  as  the  water  is  expelled; 
'tut  iinally  it  melts  for  the  second  time  when  heated  to 
fedoess  (igneous  fusion)^  Those  salts  which  contain 
no  water  of  crystallization  undergo  only  the  latter  kind 
I  of  fusion. 

ExperimefU.  —  Heat  in  a  small  Hask  half  an  ounce  of 
water  to  33^  C,  and  keep  it  at 
this  temperature,  graduaUy  add- 
ing crystallized  Glauber  salts, 
as  long  as  they  are  dissolved, 
amounting  to  about  an  ounce 
and  a  half.  If  a  stronger  heat 
be  now  applied  to  the  saturated 
solution,  a  salt  will  separate 
(anhydrous  cr}^stals) ;  if  yon  let 
_  it  cool,  a  salt  will  likewise  sep- 

y^  HHC^        arate  {hydra ted  crj'^gtals} ;  —  fur- 
/^      ^^^  ^S^      nishing  another  example  of  the 
great  influence  exerted  by  tern- 
Iperatiu-e  on  the  aiEnity  of  water  for  other  substances* 
I  Glauber  salts  have  the  peculiar  property  of  being  most 
^Itible  in  water,  not  at  the  boiling  point,  but  at  a  lower 
empemttire. 
E^eriment  —  If  you  dissolve  crystallized  Glauber 
It^  ■  '  '  *  "  '        '     '       H',  on  the  contrary, 

ju  ^  :  J  n  water,  then  htiU 

product.     Yoti  will  observe  exactly  the  same  phe* 
21 
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nomena  if  you  perform  this  eKpcriment  witn  carl>ooate 
of  sod^i  taking  first  the  cryatallrxed  ntid  then  the  cal- 
cined carbonate  of  soda.  Whence  the  sourci?  of  this 
heat?  It  cornea  frorn^the  xmitrr,  bec?aiis<j  a  part  of  the 
water  combineg  with  the  anhydfoas  Glauber  salts,  or 
the  anhydrous  carbonate  of  soda,  as  \vat**r  of  -  '- 

nation.  Conscquentiy^  it  is  a  phenomenon  ver^^  _  ir 
to  that  which  takes  place  in  the  slaking  of  lime  (^  33). 

219.  Sulphurei  of  Sodium  (NaS). 

EjcpeHmenL — Mbc  a  small   portion   of  anhydrous 

Glauber  s;ilts  with  n 
little  charcoal  powder, 
and  heat  the  mixture 
on  charcoal  befon^  *hc 
bbw-pipe;  they  will 
melt  with  brisk  cfler- 
vescencc  into  a  brown 
masa,  which  dissolvea 
in  water,  forming  a 
yellowish  liquid*  Th 
coal,  when  heated  H 
redness,  abstracts  the 
oxygen  both  from  the 
foda  and  froitj  the  suU 
(ilmric  acid,  and  forma 
with  it  c:i^  t 

gajS  which  L_—^  .  ii 
efTexvcscence ;  sodiuiD 
aijil  sulphii'  ■         • 

Hind»  combined  with  each  other.     That  k,  i 
o?ddi3fes  the  sulphate  of  »oda,  or  reduces  it  to  sulphimt 
of  Imodium. 
If  you  drop  mnriatio  m  diluted  sulpbrac  add  into 
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the  Bolutton,  the  dU- 
agre€>able  sraeU  of 
suli)Uurctted  fiydrogeti 
will  be  glveji  off,  just 
as  ill  tbc  I'ase  of  livpf 
of  gtilphur  (5215).  If  yoa  now  let  the  liquid  evapo- 
mto  on  ft  gkis  plate^  you  oblain,  in  the  former  case, 
f  mall  cubes  of  conirnori  ^alt^  and  iti  the  latter,  a  pul* 
vemleut  jncTUfttatJon  of  Glauber  walta, 

220.  Carbonale  of  Soda  (Na  O,  C  O.  +  10 II O). 

Bxperiment.  —  Prcpjire  some  more  Bulphuret  of  sodi- 
utn  in  the  manner  just  deKcribed,  rub  it  hi  a  mortar 
with  the  adhering  particles  of  charcoal  and  with  about 
ita  own  weight  of  chfilk,  and  ignite  it  again  before 
Uie  blow-pipe.  Boil  the  baked  saline  mass  in  water, 
and  then  filter  the  liquid.  A  gray  powder  remains 
behind^  which,  when  drenched  with  imiriatie  acid, 
evolves  eulphiiretted  hydrogen;  it  ia  suJphurct  of  cal* 
duiEL  The  liquid,  after  being  evaporated  on  a  shalltnv 
glass  dish,  leaves  behind  a  white  powder,  which  has  an 
alkaline  reaction  and  effervesces  with  muriatic  acid, 
but  yet  witbout  emitting  any  disagreeable  odor ;  it  k 

carbonate  of  soda,  Tlie 
^^l\M?  sulpliur  has  thns  passed 
to  (be  calcium  of  the 
chalk,  while  the  oxygen 
and  the  carbonic  acid 
of  the  chalk  have  passed  lo  the  50<liuni.  By  These 
proces^a  it  will  be  Been  that^  as  in  the  daily  ajfairj 
of  life,  so  also  in  chemistry,  W€  can  often  obtain  indi 
feebly  that  which  could  not  be  gained  directly.  So- 
dium lias  a  stronger  Hilinity  f(»r  chlorine  than  for  ojcy- 
g^n;  thercforo  we  cannot  prepare  soda  ilir^rctly  from 
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common  salt;  bot  by  means  of  sulphuiie  ajcid  wo  can 
easily  convert  the  haloid  salt  ioto  an  oxy-«aIit-*iQto 
sulphate  of  soda.     The  stronr      '  "  ot  be 

diiectly  expelled  from  this;  ^  l  _.  :_.  .  __ .  lopose 
it  into  oxygen  and  sulphur,  and  afterwards  remove  the 
eulphor  by  another  metal,  calcium,  which  forraa  with 
sulphur  an  insoluble  compound.  Soda  is  thus  obtained^ 
yet  not  in  a  free  state,  but  as  carbonate  of  soda }  car^ 
bonic  acid,  however,  is  m>  feeble  an  acid,  that  it  may 
easily  be  expelled  by  another  acid,  or  by  caustic  lime. 

As  carbonate  of  soda  possesses  almost  the  same 
properties  as  carbonate  of  potaaga,  and  may  be  advan* 
tageously  employed  iJistead  of  tlie  hitter  in  wn^hing 
and  bleaching,  and  also  in  the  manufacture  of  jjlat** 
and  soapj  it  is  now  manufuHurcd  on  a  I  ^i 

chemical  works.  There  arcj  in  Germany,  .:  ,  15 
where  from  ten  to  tR''elre  thousand  quhitals  of  soda  are 
annually  made.  The  process  pursued  is  esscuriully  the 
same  as  that  already  described,  except  tlmt  the  two 

operations,  described  as 
separate  above,  are  unit- 
ed into  one ;  ihe  chalk  or 
limestone  is  added,  in  the 
firEt  place,  to  the  Glau* 
ber  salts  and  charooalj 
and  the  whole  matt  b 
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log  for  stirring  it  and  scooping  it  out  They  are  ealled 
ime-fufikices,  because  \\m  heating  is  ejTectct),  not  by 
be  iucl  itself,  but  by  llie  flame  pa5»ing  over  tlie  bridge 
c;  they  pos^ai^  this  important  advantage^  that  the 
ashes  of  the  pit-coal  or  peat  do  not  becoine  mixed 
with  the  subs^ncc  to  be  heated.  In  many  countries 
impure  soda  is  also  obtained  from  the  ashes  of 
marine  plants  (kelp)> 
Carbonate  of  soda  consists  of  equal  atoms  of  soda 
and  carbonic  acid*  It  occurs  in  ooramerce,  either  c/*i^5- 
kMzed^  —  it  thea  contains  more  than  half  it»  weight  of 
water  of  cryst^lUzation  (10  atoms)  and  efiloreaec* 
very  rendily,  —  or  calcined^  eonsecjuently  anhydrous. 
The  latter,  accordingly,  when  it  occurs  pure,  is  of  more 
than  twice  the  etrcngtli  of  the  crystailized.  Carbonate 
of  soda  i»  easily  soluble  in  water.  Many  mineral  wa- 
ters—  for  example,  the  Carlsbad  springs — contain  great 
quantities  of  it  in  solutioji ;  Carlsbad  salt,  obtained  by 
evaporating  the  waters  of  the  spring,  ib  a  mixture  of 
carbonate  and  sulphate  of  soda. 

BicatbonaU  of  Soda  (NaO,  SCO,  +  HO) 

is  more  sparingly  soluble  than  the  former  salt,  and  is 
frequently  used  in  etfervestung  powders,  because  it 
evolves  on  being  mixed  with  acida  as  much  again  car- 
boaic  acid  as  the  simple  carbonate*  Etiervescing  pow- 
ders arc  prepared  by  triturating  together  equal  portions 
of  tartaric  acid  and  bicarbonate  of  soda.  If  you  put 
this  mixture  into  %vatcT,  tartrate  of  soda  is  formed,  and 
carbonic  acid  escapes*  Wiien  heated,  this  salt  com- 
ports itself  like  the  bicarbonate  of  potassa* 

221,  Soda^  &r  Oxide  qf  Sodium  (Na  O), 

If  you  take  from  the  carbonate  of  soda  its  carbonie 
21* 
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acid,  soda  will  remain  behind*  This  is  done  by  boilift^^ 
a  solution  of  soda  with  quicklime,  iii  the  Bame  mauiier 
as  was  described  under  potassa  (§203).  The  liquiil 
thus  obtained  is  called  caustic  soda  /^f ,  and  yieldsj  after 
evaporation,  causHc  soda.  This  contains,  like  caustic 
potassa^  yet  one  atom  of  water,  which  it  does  not  part 
with  even  when  hcafed  to  redness;  hence  it  has  been 
more  correctly  called  hydrate  of  soda  (NaO,  HO). 
The  hydrate  of  soda  has  a  eoirosivB  acdon,  forma  soap 
with  fat,  and  hard  glass  when  melted  with  sand ;  it  its  a 
very  strong  base^  like  caustic  potassa,  for  which  it  is 
often  substituted  in  preference  in  the  aita* 

222,  Sodium  (Na). 

On  abstracting  oxygen  from  the  soda  metallic  eodJam 
ta  obtained*  This  metal  is  prepared  like  potassiom^ 
which  it  gready  resembles,  though  it  does  not  act  so 
violently  upon  other  bodies,  lor  instance,  upon  waU$f< 
Put  upon  cold  water,  it  oxidizes  without  flame,  but  put 
upon  hot  water,  the  escaping  hydrogen  ignlt€8|  imd 
burns  with  a  yellow  flame* 

Wc  have  now  passed  from  the  most  widely  difTiuied 
common  salt  to  the  element  sodium,  treating  each  one 
In  that  succession  which  it  is  necessary  to  puiane  tit  tlie 
actual  prcjjarjition  of  these  substances.  The  follo%ving 
summary  statement  may  serve  to  fix  them  on  fJie  mem* 
ory  ;  —  From  common  salt,  or  chloride  of  sodiumf  sul- 
phate of  soda  is  prepared ;  from  this,  stilphuret  of  so- 
dium; from  this,  carbonate  of  soda;  then  soda;  and 
fitrn  ly  sodium. 

A  few  oilier  mils  of  soda  will  tiow  be  considefed. 

233.  ^Phafph4iie  of  Soda. 
JErperim^uL  —  Neutmlbe  half  an  ouiioa  of  cmiboaato 
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S!odn^  dissolved  in  A\^ier,  with  phosphoric  acid  pre- 
Ipon^d  from  bont'g  ;  filter  the  liquid  from  the  phosphate 
l0rninG  which  separate^  aad  evaporate  the  filtrate  until 
^a  film  forms  on  the  Furfnec;  on  coolings  transparent 
IcrystiiU  will  be  dqKiait^d,  which  contain  more  than  half 
litheir  weight  of  water  of  tTyBtaliization*  They  easily 
WjTloresc^,  and  yield  a  yeihw  prccipitatej  with  a  solution 
&f  nitrate  of  silver. 
McperimefU*  —  Let  some  of  the  crystals  of  the  phos- 
phate of  soda  eflloresce  in  a  warm 
FJi.  m,  place,    and    afterwards    heat    them 

to  redness  in  a  porrelain  cnicihle* 
When  the  mass  is  cold^  dissolve  it  in 
water,  and  evaporate  the  solutiofi; 
yoa  obtain  a  salt  which  contains  far 
less  water  of  crystallization  than  the 
former  one ;  it  no  longer  effloresces, 
aiid  yields  with  nitrate  of  silver  a  while  precipitate;  it 
ha»  received  the  name  of  pyrophosphate  of  soda*  This 
exfimple  shows  how  the  atfinity  of  a  salt  for  water  may 
be  weakened  by  being  heated  to  redness,  and  Ijow  the 
properties  of  a  salt  may  be  changed,  according  to  the 
tmouiit  of  water  with  whii^h  it  is  eheraically  united* 

224.  mirate  of  Soda  (NaO,  NO*). 

Estpfrimeni.  —  Dissolve  half  an  ounce  of  carbonate 

F»i.im  ^^  ***^^  '"  ^  '**'*^^  ^^^  water,  and  neutral- 
ise it  with  nitric  acid  ;  then  evaporate  the 
soluliori  till  a  pellicle  begins  to  fnrnij 
when  erystak  will  separate,  having  the 
form  of  an  oblique  rhombic  prism ;  they 
aro  nitrate  of  soda.  They  deflagrate  on  charcoal  like 
Jiitnita  of  potassa,  only  somewhat  less  violently,  and 
have  tlio  groalcat  limilafity  to  it  in  other  rcs|ject8. 
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Large  diBtricts  of  ihh  salt  are  foond  in  America,  wbence 
whole  ship-loads  of  it  are  exported,  under  the  name  of 
Chili  saltpetre;  and  it  is  substituted  lor  the  more  C4;>U} 
nitre  iti  the  maaufacture  of  nitric  acid  and  some  of  iu 
salts<  But  it  doea  not  answer  for  making  gunpowdej^ 
as  the  powder  thus  prepared  becomes  mobt^  and  det 
natea  too  slowly* 

223.  Biborate  of  Soda  (Boram)  (Na  0, 2  B  O,  +  10  H  O). 

The  hard,  eolorless  crystals  commonly  called  borax, 
and  generally  covered  with  an  efflorescent  powder,  chmi* 
sist  of  fioda  and  boracic  acid,  Boracic  acid,  in  the 
moist  condition,  is  a  feeble  acid;  therefore,  like  carbonic 
add,  it  cannot  entirely  conceal  the  ba^e  properties  of 
soda ;  and  borax  has  an  alkaline  ts^stCj  and  colors  red 
te^t'paper  blue.  Borax  contains  half  its  weight  of  wa- 
ter  of  crystallization. 

EitperimeiU,  —  Heat  some  pow^dered  borax  upon  a 
platinum  wire  before  the  blow-pipe ;  it  will  puff  up  and 
flweU  in  its  water  of  crystalli:sfation,  and  be  converted 
into  a  porous  spongy  mass ;  on  beung  further  heated,  it 
fuses  to  a  transparent  bead.  Moisten  this  bead  witli 
the  tongue,  apply  it  to  litharge  so  that  aome  of  the  lat- 
ter may  adhere  to  h,  and  again  hold  it  in  the  exterior 
flame  of  the  blow-pipe;  the  liUiarge  is  di.KMolved;  the 
bead  remains  colorless  and  transparent  If  you  now 
substitute  for  the  lUliiirge  uHjer  mi'lsiUie  oxides,  you  wiU 
likewise  observe  that  the  oxides  will  dissolve,  but  that  at 
.ill  time  tfie  bead  will  be  i-olured  by  ihein;  namely, 

rcd^  by  sesquioxidc  of  irou  and  oxide  of  anti- 
mony;  green^  by  the  oxides  of  copj>eT  and  chromium; 
btu€f  by  oxide  of  cobalt ;  ru//  *    '  "  :  f 

oxide  of  manganese;   and  Z»n 
of  maD^nese.    The  metallic  oxides  compon  tbetnadvcs 
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abo  iii  the  same  manner,  when  they  arc  fosed  into 
common  glass  or  earthen  ware.  They  are  for  this  rea- 
son called  vUri/able  pi^nents  (borates  or  eUicates  of 
metallic  oxides). 

Oil  iiecourit  of  this  property  which  borax  has  of  dis- 
jiviiig   mctaUic  oxides^  it  is  used  in  chemistry  aa  a 
lbluw^|>i(>e  test  for  the  detection  of  metallic  oxides,  and 
the  trades  for  soldcnng'f  or  joining  one  metal  with 
iioUier. 
Hold  by  the  forceps  a  piece  of  copper,  on  which  is 

placed  a  piece  of  tin  and 
iron  wire,  over  tlm  flame  of 
a  spirit-lamp ;  the  tin  will 
indeed  melt,  but  it  will  not 
adhere  either  to  the  copper 
or  the  iron.  Kepeat  the  ex- 
periment, having  previoii5%ly 
smeared  the  copper  and  die 
with  a  paste  made  of  borax-powder  and  water ; 
Jt  h  DOW  quite  different,  for  thjp  melting  tin 
^ith  bolh  metals,  and  the  wire,  when  cold,  is 
found  to  be  firmly  soldered  upon  the  copper.  The 
^explanation  of  this  different  result  is  simply  as  fol- 
:iws,  MetaU  only  adhere  to  metals  when  they  have 
ilean^  polished  tnrfaces ;  the  clean  snrfaee  is  lost  on 
fli  '  '     '       I  use  a  layer  of  oxide  is  formed 

n  of  the  air;  but  the  bright  so r- 
[iaee  IS  restored  again  by  the  boraX|  which,  when  it 
[fiwh      ''       '         *     M^ide  formed, 

B'  e  (tjneal)  in  many  of  the  lakcB  of 

Asia;  but  it  js  now  prepared  also  from  boracic  aeid, 
V  '     ■  (3  from  some  hot  springs  in  Italy,  and 

Li  soda. 
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226.  Glass  (SUidc  Acid  combimed  wiik  Bausy 

Aa  boradc  acid  fonns  with  soda,  when  heated,  a  ril- 
reous  compoand,  so  silicic  acid,  which  is  very  analogoos 
to  boracic  acid,  fonns  likewise  a  Titreoos  combination 
with  soda,  and  also  with  other  bases,  as  with  potassa, 
lime,  oxide  of  lead,  oxide  of  iron,  &c  GlasSj  glaring, 
enamel,  &c.,  are  varieties  of  this  combination. 

Experiment.  —  Melt  some  carbonate  of  potassa  or 
soda  upon  a  platinum  wire  before  the  blow-pipe,  and 
then  add  a  little  finely  pnlverized  sand ;  npon  placing 
it  again  in  the  blow-pipe  flame,  efi*ervescence  will  ensoe, 
and  afterwards  a  clear  bead  will  be  formed.  If  the 
proportion  of  sand  nsed  be  smallj  the  glass  formed  (basic 
silicate  of  potassa  or  soda)  will  dissolve  in  water  on 
long-continued  boiling;  it  is  then  called  soluble  glass 
(§  204).  If  mare  sand  is  taken,  a  glass  (acid  silicate  of 
potassa  or  soda)  is  obtained  which  it  is  very  difiicnlt 
to  dissolve  in  water.  To  make  a  glass  which  shall 
be  entirely  insoluble,  not  only  in  water  but  also  in 
acids,  beside  the  potassa  and  soda,  some  other  earth  or 
metallic  base  —  for  instance,  lime  or  litharge  —  must  be 
added.  Common  glass  is  thus  manufactured  in  glass- 
houses. 

The  materials  which  are  chiefly  employed  in  the 
manufacture  of  glass  are,  —  a)  quartz,  flint-,  or  sand; 
b)  carbonate  of  potassa  or  wood-ashes;  c)  carbonate  of 
soda  or  Glauber  salts ;  d)  lime  or  chalk ;  e)  litharge  or 
minium.  These  substances,  after  being  pulverized,  are 
mixed  together,  thrown  into  earthen  pots,  and  heated 
in  a  furnace  until  the  mass  is  one  uniform  fluid.  In 
this  state  it  may  be  moulded  like  wax,  cut  and  bent, 
pressed  into  moulds,  and  blown,  and  may  accordingly 
De  manufactured  into  ail  possible  shapes  and  forms ;  on 
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eooling,  it  becomes  hard  and  brittle.  In  order  to  di- 
minish in  a  measure  tlie  bnttieness^i  the  glass  must  be 
cooled  very  slowly  (annealed).  Glass  vessels  that  are 
nipidly  cooled  oftt^ii  cruek  when  they  are  carried  from 
a  warm  into  a  cold  room ;  this  defect  may,  to  a  certain 

fgree^  be  corrected,  by  gradually  heating  tlie  veasek  in 
ter  till  it  boils,  and  then  allowing  it  to  cool  very 
slowly* 

For  coloring  and  painting  glass  the  vitrifiable  pig* 
ments,  as  noticed  in  §  225,  are  employed.  The  milk- 
white  color  which  we  observe  in  the  opaque  glass  of 
the  lamp-screens,  and  in  the  enamel  of  the  dial-plate  of 
watches,  is  produced  by  finely  ground  bone-earth  or 
oxide  of  tin,  neithej  of  which  substances  m  disiolved  by 
the  vitreous  mass^  but  only  mixes  w4th  it  mechanieally, 
and  render*  it  opaque,  as  chalk  does  water.  Glass  is 
ground  by  sand  and  emery,  polished  by  ^squioxide  of 
iron  and  tripoli,  etched  by  hydrofluoric  acid,  and  very 
easily  perforated  by  the  point  of  a  three-cornered  file," 
which  should  be  frequently  moktencd  with  oU  of  tur- 
pentine. 

The  two  principal  kinds  of  glass  are, — 

a)  Crown  or  Bohemian  glass,  consistijig  of  potassa 
(soda),  lime,  and  silica. 

/;)  Flint  or  crystal  glass,  consisting  of  potassa,  oxide^ 
of  lead,  and  silica. 

Common  Imttk-^hm  contains  the  same  ingredients 
aji  crown  glass,  with  the  addition  of  sesquioiide   of 
iron,  which  imparts  to  it  a  brownish-yellow  color,  or  oti 
protoxide  of  iron,  which  gives  it  a  green  tinge,     Thii J 
iron  IB  contained  in  the  impnre  materials  fyeUow  sand/ 
and  wood*ashes)  used  in  the  preparation  of  the  crdinary 
of  glass. 


^irtsc 


352 


ALKALIB8. 


SYSTEMATIC  ABRANGEMENT   OF  THE   COMPOUNDS  07 
POTASSIUM  AND  SODIUM. 


^fetah :        Potassium. 
Oxidei :        Oxide  of  potassium,  or  cans- 
tic  potassa. 
SulphwreU :   Sulphoret  of  potassium,  or 

Lirer  of  snlphar. 
Haloid  Salts :  Chloride  of  potassium. 

Iodide  of  potassium. 
(hy-saUs :      Carbonate  of  potassa. 
Bicarbonate  of  potassa. 
Chlorate  of  potassa. 
Nitrate  of  potassa,  or  salt- 
petre. 
Sidphate  of  potassa. 

Bisnlphate  of  potassa. 


Silicate  of  potassa,  or  glass. 
Basic  silicate  of  potassa,  or 

soluble  glass. 
Tartrate  of  potassa. 
Bitartrate  of  potassa,  or  tartar. 
Double  salts  of  tartar. 
Binoxalate  of  potassa,  or  salt 

of  sorreL 
Acetate  of  potassa,  &c. 


OiJdo  of 

■oda. 
Sulphoret  of  aodinm. 

Chloride  of  sodiiim. 
Iodide  of  sodium. 
Carbonate  of  soda. 
Bicarbonate  of  soda. 


Nitrate  of  soda,  or  Chili  salt- 
petre. 

Sulphate  of  soda,  or  Cflnber 
talts. 

Bisuli^iate  of  sodiL 

Sulphite  of  soda. 

Phosphate  <^soda. 

Silicate  of  loda,  or  glaii. 

Biborate  of  soda,  or  bonz. 


AMMONIA  (NHs). 
At  Wt.  =  213.  —  Sp.  Gr.  [as  gas]  =  0.«. 

227.  Experiment.  —  1.)  Mix  intimately  together  forty 
grains  of  fine  iron  filings,  and  two  grains  of  hydrate  of 
potassa  (caustic  potassa),  and  heat  them  in  a  test-tube, 
to  which  is  adapted  a  bent  glass  tube  (Fig.  26).  As 
soon  as  the  atmospheric  air  is  expelled,  receive  the  gas 
as  it  is  evolved  in  a  separate  flask ;  it  may  be  inflamed 
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by  a  lighted  taper ;  it  is  hydrogetu    It  oomm  frora  t!ie 
water  of  the  hydrate  of  potassa,  the  oxygen  of  which 

combines  with  the  iron. 
The  potessa  senrca  to 
hold  fast  the  water^  un- 
til a  red  heat  i^  pro- 
duced :  waterj  by  itself, 
could  have  been  heated 
only  to  100^  a 
Experiment  ^~-%)  Heat  forty  grains  of  iron  fdlnj^  and 
two  grains  of  nitre  in  the  same  manner  as  before.    You 

obtain  a  gaa  in  wlilch  a 
lighted  taper  m  extin- 
guished; it  i^  mtrogcn* 
The  same  oeeurj*  in 
the  ease  of  nitric  acid 
as  with  the  waiter;  the 
iron  abslraria  from  it 
oxygen ;  and  its  second  constituent,  nitrogeUj  is  thereby 
set  free,  and  escapes- 

Erperiment^  —  3.)  Unite  the  two  former  experimenta 

into  oncj  that  is,  heat 
eighty  grains  of  iron 
filings  at  the  same  time 
w^ithtwo  grriias  of  po*- 
tas^a  ajid  two  grains 
of  nitre,  in  an  open 
test'tube;  neither  hy- 
drogen nor  nitrogen  is 
evolved,  but  a  combination  of  both  in  a  gasaons  form^ 
having  a  pungent  odor  resembling  that  of  aimnonia. 
A  strip  of  moistened  red  test-paper  held  over  the  test- 
tnbc  b  turned  blue;  cons^equently,  this  new  kind  of  gm 
possesses  an  alkaline  chanie-ler;  we  call  it  amrfioni'^ 
22 
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Ammonia  is,  as  we  see.  a  cheraical  combination  of  Ay- 
dro^en  and  nUrog-en*     But  these  two  bodies  unite  wiOi 

each  other  only  at  the  inomeiit  of  being  liberuUxl  from 
anotber  combination  {nascent  siak).  If  tliey  do  not 
corae  together  till  after warda^  when  they  have  akeady 
become  gasconsj  no  union  takes  place* 

In  ammonia,  one  atom  of  nitrogen  is  always  com- 
bined with  three  atoms  of  hydrogen;  therefore  it^i  formu- 
la 13  NHj,.  From  three  measiin^s  of  hydrogen  and  one 
measure  of  nitrogei!  t:u*e  forinedj  not  four  measures,  but 
only  two  mcasUTcsj  of  amrnoiiiaeal  gas ;  accordijigly> 
the  ammoniacal  gas  occupies  only  half  tlie  space  previ- 
ously occupied  by  its  constituents,  and  a  condensation 
of  one  lialf  is  product d  by  chemical  combi nation.  In 
the  formation  of  water  from  its  constituents,  this  con- 
densation amounted  to  two  thirds  (§  87). 

228.  Ammonia  btj dnf  Dlsilllaikm. -^  Ammonia  is  alno 
produced  when  animal  substances  arc  boated  with  ex- 
clusion of  air.  These  substances  always  rontain  nitxo* 
gen  and  bydrogen,  which,  at  the  moment  of  being  set 
free  by  heat,  combine  witli  each  other,  fonning  um- 
monia. 

Es^permeni,  —  Kc*dace  to  a  coarse  powder  one  omioa 
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of  bon^Sf  and  beat  them  in  a  flask  as  long  as  any  vola" 

rtilc  matttT  coiiUnuca  to  es^cape.     The   ilaf^k   must  be 

l.|>revic>u5ly  connfOted,  by  a  bent  glass  tube,  with  a  bottle 

IcoDtainiiig  a  tittle  water^  whieh  bottle  must  be  kept  cool 

lin  a  basin  ofu^tcr.     Adapt  to  the  cork  of  the  receiving 

b(5tUe  anothiT  glairs  tube  open   at  both  ends,  through 

Lwhich  those  gfsse.^  may  esca|>e  wliich  are  not  absorbed 

^by  the  water,     Tht*sc  amt^l  very  disagreeably,  but  tlie 

Jor  vanishes  when  they  are  triHarnrd*    The  gases  burn 

rfth  a  liJiiiinouf*  flame,  like  pit-coal  gas?,  which  they 

lueli  resemble  in  th«nr  constitution*     A  brow nii^h "black 

I  tarn/  matter  is  depOj^itetl  iii  the  bottle,  which  is  known 

ftmder  the  name  of  oil  of  hartshojn»  or  DippelTa  ani- 

Itnsd  oik     Aftrr  the  eornplelioii  of  tlje  dry  distillation, 

pit  is  m^parated    from  the  W(drry  sohUion   by   fiHering 

f  through  paper  previouBly  moistened  with  water.     The 

•  filtrate  jstilt  enntuins  some  of  tills  oil  in  solution,  and  Ims 

Uiei^by  a  brown  color  and  an  agreeable  odor.     Bnt  at 

the  same  time  we  perceive  also  a  pungent  amell  of  am' 

immiuy  whieh   latter  is  also  detected  by  meanfj  of  red 

tent-paper,  the  color  of  which  is  changed  to  blue. 

Add  gome  lime*water  to  this  ammniiiaeal  solntion; 
it  becomes  turbid,  and  emits  a  more  pow^erfnl  odor  of 
.ammonia^  The  turbidnesa  is  owing  to  the  precipita- 
tion of  carbonate  of  time,  ttie  ammonia  not  being  free 
in  the  liquid,  but  combined  with  carbonic  acid  Car- 
bonic acid  is  generated  during  every  comhustion  or 
^diarrnig  of  organic  ?ybstjmcei«;  it  here  finds  a  base  in 
the  ammoniiit  and  consecpiently  combines  with  it  In 
the  carbonate  of  potassa  and  carbonate  of  soda»  we 
iiive  already  setMi  that  the  ha^iic  pro|)erties  of  the  po- 
tai»!m  and  of  the  aoda  are  not  entirely  concealed  by  the 
irbonie  aeid^^ — that  tlie  base,  as  it  were,  Mlili  i^Iimmers 
Dugli,     Ammonia  al*o  eompoHsi  itself  quite  in  the 
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same  manner;  although  chemically  combined  with 
carbonic  acid,  it  still  emits  a  pungent  odor,  and  affords 
an  alkaline  or  basic  reaction.  Formerly  this  pungent 
brown  liquid  was  used  as  a  popular  sudorific,  and  was 
called  spirit  of  hartshorn,  because  it  was  prepared  from 
harts'  horns,  instead  of  from  bones.  For  the  same  rea- 
son, the  impure  dry  carbonate  of  ammonia  prepared  from 
it  received  the  name,  still  in  use,  of  salt  of  hartshorn. 

It  is  only  with  difficulty  that  this  pungent  oil  can  be 
separated  from  the  carbonate  of  ammonia ;  this  separa- 
tion is  most  easily  effected  by  converting  the  carbonate 
of  ammonia  into  chloride  of  ammonium. 

Sal  Ammoniac,  or  Chloride  of  Ammonium  (N  H«  H  CI). 

229.  Experiment.  —  Neutralize  the  ammoniacal  liquid 
obtained  in  the  last  experiment  with  muriatic  acid ;  boil 
it  with  some  animal  charcoal,  and  filter  it  After  fil- 
tration, the  liquid  has  less  color  than  before,  because  a 
great  part  of  the  coloring  matter  has  been  absorbed  by 
the  coal  (§  105) ;  after  sufficient  evaporation  it  yields 
brown  crystals,  which  are  finally  rendered  entirely  col- 
orless by  repeated  solution  and  boiling  with  coaL  This 
salt  was  formerly  prepared  in  the  district  of  Ammonia, 
in  Africa,  from  camel's  dung ;  hence  its  name,  sal  am- 
maniac.  The  ammonia  in  this,  as  in  its  other  salts,  is 
so  completely  neutralized  by  tlie  acids,  that  you  can 
no  longer  recognize  it  by  the  smell. 

Experiments  with  Sal  Ammoniac. 

Experiment  a. —  If  some  sal  ammoniac  is  heated 
upon  a  platinum  foil,  over  the  flame  of  a  spirit-lamp,  it 
volatilizes  in  white  fumes.  All  ammoniacal  salts  are 
volatilized  by  heat.  K  the  vapor  of  sal  ammoniac  is 
condensed  in  a  cold  vessel,  you  obtain  it  as  a  solid, 


tmnsparent  tnassj  which  U  pulverized  with  diiBcalty, 
Tho  sal  ammoniac  of  commerce  generally  occurs  in  this 
form ;  it  is  then  eaJled  siti^Umed  sal  ammoniac. 

Experimeni  b,  —  Throw  some  powdered  sal  ammo- 
niac into  water  in  which  a  thermometer  is  immersed ; 
I     the  powder  readily  dissolves,  and  the  mercury   falls 
P    Wrii^idrmbly,     In  this  manner,  artificial  cold  may  be 
pTtxlueed* 

Experiment  c*  —  If  sal  ammoniae  is  triturated  with 
slaked  lime  or  potiisaa,  it  evoh^es  a  strong  umMimtacal 
ofhr^  because  the  potassa  or  tlio  lime  abstracts  froiii  it 
the  mufiatic  acid.  This  mixture  is  sometimes  used  for 
filUng  smelling-bottles. 

Experiment  d*  —  Put  a  piece  of  tin,  the  aize  of  a  pea, 
\  Fii^is*  upon  a    bright   cent,    and 

\      ^^"^^^^^^^^--s^        hiAA  it,  by  means  of  a  pair 
^Bf  ^^^^^^^^A         ^^   forcepp,    in    the    flame 

^B*i— -*^^  |1        of  a  gpirit-kmp;  when  the 

^^k  ^^^    ^^^  ^^  melted,  rub  it  upon 

^B  T^y    the  cent  with  a  rag;  it  will 

^^P  ^^9     not  adhere  to  it     Now  re- 

^^P  peat    the    experiment,    but 

strew  at  the  same  time  eonie  powdered  sal  ammoniac 
upon  the  copper  surface  ;  the  tin  is  now  equally  diffused 
by  tfjc  nibbing.  On  tliis  ia  founded  tljc  important  ap- 
plication of  sal  ammoniac  In  tinning  and  soldering. 
The  muriatic  acid  of  the  ammonia  combines  with  the 
oxide  of  eopper  formed  by  heating,  and  thereby  a  bright 
surface  of  copper  is  prmlueed^  to  which  the  fused  tin 
will  firmly  adhere;  hence  "^xe  perceive^  also,  during  the 
process  of  tinning,  a  smell  of  free  ammonia.  Ammonia 
and  the  nmmoniacal  Halts  are  commonly  prepared  from 
sal  amjjioniac. 
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Ammonia^  or  WaUr  of  Ammonia  (N  H  +  Aq)- 

230.  Experiment.  —  Pour  an  ounce  and  a  half  of 
water  upon  a  quarter  of  an  ounce  of  sal  ammoniac  and 
three  drams  of  slaked  lime,  contained  in  a  flask,  ar- 
ranged as  described  in  Fig.  106,  and  then  apply  a  mod- 
erate heat ;  the  lime  abstracts  from  the  sal  ammoniac 
as  has  already  been  seen,  its  muriatic  acid,  and  the  am- 
moniacal  gas  escapes.  As  soon  as  it  is  released  it  as- 
cends, since  it  is  nearly  one  half  lighter  than  common 
air;  it  turns  red  litmus-paper  blue,  and  forms  thick 
white  fumes  of  sal  ammoniac  when  a  paper  moistened 
with  muriatic  acid  is  held  in  it  If  the  longer  limb  of 
the  tube  is  now  passed  nearly  to  the  bottom  of  a 
phial  containing  one  ounce  of  water,  the  gas  is  dis- 
solved, and  you  obtain  a  solution  of  ammonia  (water  of 
ammonia).  One  measure  of  water  can  absorb  more 
than  600  measures  of  ammoniacal  gas.  Since  much 
latent  heat  must  therefore  be  liberated,  the  receiving 
vessel  should  be  placed  in  cold  water.  A  second  tube, 
open  at  both  ends,  may  be  adapted  to  the  cork  of  the 
flask  to  prevent  the  water  being  forced  back  from  the 
phial  in  case  the  heat  should  accidentally  be  dimin- 
ished. The  tube  must  reach  to  the  bottom  of  the  flask, 
for  otherwise  the  gas  would  escape  through  it. 

The  solution  of  ammonia  is  lighter  than  water,  and 
so  much  the  lighter  in  proportion  to  the  amount  of  am- 
moniacal gas  it  contains ;  for  this  reason,  its  strength 
may  be  very  accurately  determined  by  its  speciflc 
gravity.  Its  most  important  properties  have  already 
been  mentioned.  On  account  of  its  corrosive  properties 
it  is  also  called  caustic  ammonia. 
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231,  Jfydrosulpfmret  of  Ammmda^  or  Sulphurci  of  Am^ 

morimm  (NH„  HS}* 
EscperimenL — Pa^s  ;i  stronm  of  sulphuretted  hydro- 
gen gits,  evolved  as  deacribed  in  §  132,  into  a  solution  of 
ammonia,  as  long  as  the  solntion  continues  to  TPceivi 
the  gas.  This  sohition  must  be  kept  in  \vell<*losed 
glass  bottlesi,  becaase  it  is  decomposed  on  exposure  to 
the  air,  and  beeonnes  yellow.  It  is  one  of  the  most 
important  ehemiGal  reagentSj  as  will  be  shown  here- 
after. 

232.  Carbonate  of  Ammmia  (2 NH,,  3  C O*  +  2  HO). 

Tlic  crude  carbonate  of  ammonia  haa 
ready  been  treutpd  of;  the  pure  Is  prepared' 
from  sal  ammoniac  and  chalky  by  sublima- 
tioi^ 

Experiment  —  Introdtit*e  a  mixture  of  half 
an  ounce  of  eha!k  and  a  quarter  of  an  ounce 
of  sal  afnmoniac  into  a  foiir-ounee  flask, 
having  a  thiri  bottom;  place  it  In  a  sand" 
bath,  and  heat  it  over  a  spirit-lampp  Ab 
Booti  as  pungent  vapors  arc  perceived,  invert 
a  somewhat  larger  flask  over  the  formefj 
and  the  fumes  will  soon  condense  info  a 
liite  saline  mass.  By  double  elective  aflinity  there  are 
formed  volatile  cariwtmte  of  ammonia^  which  sublimes, 
and  chkrriik  of  calcium^  which  remains  behindj  aince  it 
is  not  volatile. 

Caibonate  of  ammonia  (or,  more  eorrcetly,  seiiqui- 
carboiiate  of  ammonia)  is  a  wbitc  substance  having  a 
pujigeut  ammoniaeal  odor,  which  gradually  atiraets 
more  carbonic  add  from  the  air,  and  beeomes  bicarbo-p 
nate  of  ammonia*  This  i*alt  is  frequently  used  by 
bakers,  instead  of  yeast,  for  raising  gingerbread,  spiec- 
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cakes,  &c.  (§  519) ;  it  escapes  in  the  heat  as  a  gas  from 
the  dough,  and  renders  it  light  and  porous. 

Other  amrnoniacal  salts  may  easily  be  prepared  from 
the  carbonate  of  ammonia,  by  expelling  the  carbonic 
acid  by  means  of  a  stronger  one ;  for  instance,  by  sul- 
phuric, nitric,  or  acetic  acid,  &c. 

233.  Ammonia  from  putrefying  Substances.  —  One 
other  source  of  ammonia  yet  remains  to  be  noticed.  It 
occurs  wherever  organic  substances  are  undergoing 
putrefaction  and  decay.  Carbonate  of  ammonia  is 
evolved  from  all  vegetable  and  animal  substances 
which  contain  nitrogen,  when  they  putrefy  or  decay; 
hence  the  pungent  odor  of  stables  and  manure-heaps. 
If  you  put  a  bowl  containing  muriatic  acid  or  diluted 
sulphuric  acid  in  such  places,  the  odor  vanishes,  and  the 
muriatic  acid  is  gradually  converted  into  muriate  of 
ammonia,  and  tlie  sulphuric  acid  into  sulphate  of  am- 
monia. Thus  we  possess  in  the  acids  a  simple  and 
cheap  means  of  purifying  the  air  in  such  places.  Putrid 
urine  contains  so  much  carbonate  of  ammonia,  that  it 
is  used  instead  of  soap-water  for  washing  wool,  and 
indeed  even  for  the  preparation  of  muriate  of  ammonia 
itself. 

234.  When  we  reflect  upon  the  action  of  the  ani- 
mal substances  abready  treated  of,  we  cannot  but  be 
surprised  to  find  how  very  much  the  nitrogen  contained 
in  them  varies  in  its  affinity  for  other  elements. 

The  nitrogen  of  organic  substances  combines, — 

With  hydrogen,  at  common  temperatures,  forming 
ammonia  (decay). 

With  oxygen,  at  common  temperatures,  and  in  the 
presence  of  a  strong  base,  forming  nitric  acid  in  nitre- 
beds. 

With  hydrojT^en,  on  the  appbcation  of  licat  and  with- 
out access  of  air,  forming  ammonia  (dry  distillation). 


With  carbon,  on  the  appJication  of  heat,  without  ac- 

Tjcess  of  air,  and  in  the  presence?  of  a  strong  anhydrous 

base,  forming  cyanogen. 

1^     With  hydrogen,  on  the  application  of  heat,  without 

^•access  of  air,  and  in  the  presence  of  a  hydrated  base^ 

forming  ammonia* 

^Eut  it  escapes  iincombined,  on  the  application  of 
eat,  with  free  access  of  air  (complete  combu^^tion), 
235,  Tike  Salts  of  Ammonia  afford  an  excef/enl  ma* 
mire  for  soils.  They  are  the  principal  ingredients  in 
many  kinda  of  manure;  and  therefore  we  should  en* 
deavour  to  prove  a  f  the  escape  of  ammonia  from  man  ore- 
heaps,  by  sprinkling  them  from  time  to  time  with  di- 
I  luted  sulphuric  acid,  or  by  strewing  gypsum  over  thetn, 
^Pvhereby  sulphate  of  ammonia  is  formed,  which  does 
not  volatilize  at  common  temperatures.  When  bones 
decayj  carbonate  of  aromonia  is  likeivise  produced  from 
the  gelatine,  and  to  this  is  to  be  ascribed  ih^  second 
bene&cial  influence  which  pulverized  bones  exercise 
upon  the  growth  of  our  cultivated  plants  (§  176), 
Those  plants  which  grow  WMld  can  receive  only  so 
much  ammonia  as  they  find  in  the  air;  but  by  manur- 
ing we  give  a  much  larger  quantity  of  it  to  cultivated 
plants;  and  thus  is  in  part  explained  the  far  greater 
fertility  of  manured  arable  land  in  comparison  with 
that  which  is  not  manured. 

Ammonia  affords  another  example  of  the  circulation 
in  the  great  economy  of  nature,  similar  to  that  present- 
ed in  the  instances  of  carbonic  acid  and  water,  the  two 
other  principal  sources  of  nourishment  for  the  vegetable 
w^orld ;  and  we  cannot  but  be  astonished  at  the  simple 
manner  in  which  the  Creator  iias  connected  life  and 
death  with  each  other,  Duriiig  the  processes  of  putre- 
faction and  decay,  the  dead  animals  and  olants  are  con- 
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verted  ioto  carbonic  acid,  i^^tcr,  ond  ammonia;  and 
from  these  three  products  of  decay  are  reproduced  all  the 
innamerable  plants  which  eovcr  the  suihce  of  our  earUi- 

Fl^'.  127 


236*  The  great  resemblance  of  ammonia  to  potassa 
and  Boda  has  long  since  given  me  to  the  cnnjechire,  that 
a  metal  miglit  nUo  be  coneetiled  in  it,  as  well  as  in  the 
potas3a  and  aoda.  If  a  body  —  for  instance,  cyanogen ^ — 
which  comported  itself  exactly  like  a  chemical  element, 
like  chlorine,  could  be  generated  from  nitrogen  and  car- 
bon, »o  also  it  was  possible  that  a  body  might  be  formc?d 
from  nitfogen  and  hydrogen  which  i^honld  comport  it&elf 
like  a  metal,  like  potassium*  Chemists  have  not  yut 
Huccf'eded  in  separating  such  a  metal  from  ammonia  or 
its  salts;  ne%*crt.help8s^  the  opinion  is  mahitainf^d  by 
many  of  themj  that  such  a  metal  duci*  really  exist,  and 
consists  of  one  atom  of  nitn>gt*n  and  fonr  atoms  of  by» 
drogen  {NH^).  They  have  cdlcd  it  ammour  '  ~  >% 
according    to    this    view,   rcf^ard    hydrat/Hl  i;i 

(Nil,  +  II O)  as  oxide  of  umrnonium  (NH<  U),  ma- 
^.fiate  of  ammonia  (N  \h  +  11  CI),  a*  ^  '  '       '      '  mi- 

liam  (NH^  CI),  &:c.,  which  lunountt*  :  ^f 

since  the  constitution  of  the^c  two  bodies  is  not  cMngttd, 
\'     ■    '  tin*  liydrogi'n  is  eonsideT'  '        ^    '  *      tirt 

to  tht'  miiririfir  neiil,  or  ie 

amnion  V 

A  rr-ij,-...  -,.. .   vtuins 


ftETROSPECT   Q¥  TQB   AhKhhlEB*  WO 

I 

A  very  rare  base,  lithia  or  oxide  of  lithJiUD,  oecurs  in 
Iveral  niinerab  and  mineral  waters ;  it  possesses  prop- 
Eriit*ii  analogous  to  those  of  potasstu  Many  sal  la  of 
lithia  impart  a  bQuutiiul  crimson  color  to  the  blow-pipo 
ftamc,  and  to  (he  Hame  of  buniing  alcohol. 


ItETROSPBCT  Of  THE  A  LK  A  LIES  (POTASSA,  SODA,  AND 

h  Of  all  bodies,  potassium  and  ?sodium  have  the 
greatest  afluiity  for  oxjfgvti;  they  float  npon  water,  and 
decompose  it  with  grrat  violence. 

2.  Their  oxidci*  aru  the  mowt  powerful  bmm.  The  ox- 
ide of  potaaHium  is  commonly  called  potassEj  or  caut^tie 
potussa ;  the  oxide  of  sodiurn*  soda,  or  t'aualic  soda  ;  and 
ammonia  may  nl.-^a  Ik;  regarded  as  can^tie  nrnnuinln. 

3.  The^c  three  oxides  are  commonly  called  aika/ies^ 
also  caustic  alkalies  Formerly  pota^sa  w^as  called 
vegetable  alkali;  soila,  iniijcml  aikuli ;  and  ammonia, 
volatile  alkali. 

4.  The  alkalies  are  easiit/  soUtbic  in  water,  have  an 
_slkaiine  tas^te,   and  exert  a  yiikjfi^  vmtstic   action    oti 

uimal  and  vegetable  substances. 

6*  The  alkalies   have  n  very  great  ailinily  for  car* 
mk  acid.     They  al>3orb  it  eagerly  from  the  air,  and 

come  converted  into  alkaline  earbnnateg, 

6,  Carbonic  acid  canmd  be  expelled  from  tlie  nlka- 
Unc  earbonates  by  heating,  but  it  es^cafjes  immediately ^ 
with  elTerveseence,  on  the  addition  of  other  acids, 

7.  The  alkaline  earbonatcx^,  carbonate  of  potnssa,  of 
Hoda,  ami  of  ummonia,  are  inmitf  mtubfe  in  water,  and 
have  Likewise  au  alkaline  ta&tc  and  a  bat^ic  reactioru 
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8.  Potassa  and  soda,  with  sand,  yield  melted  glass ; 
and  with  fat,  a  soap^  which  is  solable  in  water. 

9.  Most  of  the  salts  which  the  alkalies  form  with 
acids  are  soluble  in  water.  Most  of  the  potassa  salts 
are  permanent  in  the  air,  some  deliquescent ;  most  of 
the  soda  salts  contain  water  of  crystallization,  and 
effloresce  in  a  dry  atmosphere. 

10.  Potassa  and  soda  salts  are  not  volatile  in  the 
heat,  but  the  salts  of  ammonia  are  so. 

11.  A  weaker  base  will  often  remove  the  add  from 
a  stronger  base,  when  it  forms  with  this  acid  an  insol- 
uble compound. 

SECOND  GROUr:     THE   ALKALINE   EARTHS. 

CALCIUM  (Ca). 
At.  Wt.  =  250.—  Sp.  Gr.  I 

Chalkj  or  Carbonate  of  Lime  (CaO,  CO*). 

237.  It  is  already  known  that  chalk  consists  of  car- 
bonate of  lime ;  it  was  used,  indeed,  in  several  of  the 
earlier  experiments  for  the  preparation  of  carbonic  acid. 
We  find  just  the  same  constituents  also  in  common 
limestone,  in  marble,  oyster-shells,  &c.  There  are 
whole  ridges  of  mountains  consisting  of  limestone,  and 
extensive  districts  having  a  lime  or  calcareous  soil ; 
Fig.  128.  carbonate  of  lime  is  one  of  the  principal 
constituents  of  our  earth.  We  also  find 
it  in  tmnsparent  crystalline  forms,  rltom- 


lf-lllliljl;h^       bohedrons,  and  six-sided  prisms,  and  then 
call  it  calcareous  spar.     The  great  differ- 
ence which  these  stones  present  in  their  exterior  ap- 
pearance cannot  be  wondere<l  at,  for  we  see  a  similar 
variety  of  form  in  our  common  sugar;  we  have  itcrys- 


bcxl  in  candy^  gmimlar-cryfttalline  in  loaf-HUgar,  amor- 
ous in  bonbons^  and  pulvtTulcnt  in  pounded  eagar. 
All  linicstones  effervi:sce  when  treated  wlih  an  acid, 
and  may  thus  gf^nerally  be  distinguished  from  other 
stones.  If  you  smear  a  piece  of  limestone  in  single 
ffpota  With  fat  or  some  varnish-paiut,  and  then  pour 
npon  it  un  add  (a  weuk  solution  of  iiitric  acid  i^  the 
.  best) J  tho  lime  diaBolvcs  in  tbosc  places  only  which  ore 
^unprotcetcd  by  the  Jat  or  paint,  thcs  grra^y  spots  ac- 
^Bcmlingly  remaining  mised.  If  a  stone  thus  prepared  is 
pHpiped  over  with  priiiting^iuk^  this  will  adhem  only  to 
f  4tedevut«'d  |i!:u'.t*s,  and  may  be  tninsferred  from  them 
to  papen  This  is  the  method  oscd  for  engraving  on 
stane,  and  t!ii^  limestones  used  in  this  kind  of  cngmv* 
ing  are  eaiknl  lithfff^rtiphic  sioHea. 

Erperimt'uL  —  Blow  uir  into  lime-wttter,  through  m 
gla!LH  tube;  a  precipitate  of  carbonate  of  lime  is  formed 
(sec  Fig.  81);  continue  the  blowing,  and  the  precipi- 
tate will  J  for  the  mc^t  part,  dissolve  again*  Hie  e?tr- 
bonle  acid  first  preeipitates  the  lime,  then  it  disiiolves 

K'l   again.      Curbonale   of  lime   ia   qnite   insoluble    in 
|at«ff  but  h  aolublc  in  water  impregnated  with  car* 
K>nic  aeid,     Ijci  half  of  the  liquid  remain  exposed  to 
Hie  afr»  it  will  gnidually  become  turbid,  and  carbonate 
of  lime  will  be  deposited;  boil  the  other  half  in  a  test- 
tube,  bubbles^  of  carbonic  acid  will  ei*eape,  and  carbc 
nate  of  lime  will  bt-  rapidhf  precipitated.      What  her 
happens  on  a  small  scale  frequently  occurs  in  nature 
a  large  scale.     Ilje^  water,  ns  it  trickles  through  the 
h  in  thoxe  phieei^  where  I  he  decay  of  organic  mat- 
ter 13  going  on,  findi^  carbonic  acid  ;  therefore  ulraos*t  all 
j^    1  iter  contain}*  curbonic  acid.     'IIht  c-ar}>onie  acid 

'  funned  hntb  in  almost  all  eartlm  and  stonea 
carbonate  of  lime,  some  of  wliicb  it  disdolveti;  therefor© 
2U 
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almost  all  spring-water  contains  carbonate  of  lime  (hard 
water).  When  this  water  flows  along  in  brooks,  the  car- 
bonic acid  escapes  again,  and  the  carbonate  of  lime  is 
deposited  as  sediment ;  this  water,  free  from  lime^  is  now 
called  soft  water.  The  same  thing  happens  when  water 
containing  lime,  as  it  percolates  through  the  earth  or  fis- 
sures in  rocks,  meets  with  hollows  and  caverns ;  here  the 
carbonate  of  lime  frequently  deposits  itself  in  solid  mass- 
es, called  stalactites.  The  walls  of  cellars  and  bridges 
are  sometimes  found  covered  with  an  incrustation  of  star 
lactites.  The  calcareous  tufa  deposited  from  the  Carls- 
bad waters  also  consists  principally  of  carbonate  of 
lime.  If  you  boil  hard  water,  carbonate  of  lime  is  also 
precipitated ;  this  happens  especially  when  large  quan- 
tities of  it  arc  evaporated,  as  in  steam-boilers.  Peas 
and  beans,  boiled  in  hard  water,  become  incrusted  with 
a  thin  coating  of  lime,  which  prevents  the  water  from 
penetrating,  so  that  they  do  not  become  soft ;  for  such 
purposes,  the  water  should  previously  be  boiled,  or  ex- 
posed for  some  time  to  the  air. 

Caustic  Limej  or  Quicklime  ( Oxide  of  Calcium^  Ca  O). 

238.  Experiment.  —  Put  a  piece  of  chalk  upon  coal, 
and  heat  it  strongly  before  the  blow-pipe  for  several 
minutes ;  it  will  then  become  much  lighter  than  before, 
lose  its  marking  properties,  and  will  no  longer  effervesce 
with  acids ;  it  has  by  the  heating  lost  its  carbonic  acid, 
and  is  now  called  burnt  lime.  If  a  portion  of  it  is 
placed  on  moistened  red  litmus-paper,  it  causes  blue 
spots ;  consequently  it  has  a  ba^ic  reaction,  which  chalk 
has  not 

For  burning  large  masses  of  chalk  or  limestone,  kilns 
of  the  annexed  form  are  constructed,  a  is  the  fire-door, 
with  the  grate,  upon  which  pit-coal  or  turf  is  burnt;  6,  the 
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opening  lor  the  draught  of  air ; 
c  ami  </,  the  ash-pit    In  this,  as 
in  the  iiaiiic'fornace,  tiie  flame 
otily  enters  the  kiln,  which  b 
filled  with   linicstonr;  conse 
qtiently   this    lime   caimot   be 
feiidered  impure  by  the  ashes 
of  the  fiH'!.     A  kiln  is  usually 
provided    with    several    such 
furnaces,    e  and /are  the  dis- 
char«^e   outlets  for  extracting 
the   lime,  when  it  I3  well  cal- 
cined, frenh  carbonate  of  lime  being  introduced  at  the 
as  the  bornt  lime  b  removed*     Surh  farnaces  may 
kept  going  for  yearp«  withaut  interrupliori. 
Quicklime  has  two  strong  aftlmties,  namely,  for  t^o- 
Ur  and  for  mrhortk  add.     Orj  expogure  to  the  air  it 
first  attracts  water,  and  thereby  emmbles  into  powder, 
-—It  h  shiked;  afterwarcis  It.  absorbs  also  carbonic 
acid,  when  it  again  etrervesees  with  acid^*     The  rapid 
.sinking  of  time  by  drenching  with  water,  and  tlie  con- 
scqnent  evolution  of  heat,  have  been  previously  treated 
(§33)*     Three  ponnds  of  Umc  combine  wrtli  one 
»und  of  wattrr,  forming  a  fmc  powder  of  hf/draie  of 
time  (CaO+HO),  or  slaked  lime*      Wien  mixed 
itli  water  into  a  pafte,  it  i^  mortar;  If  more  water  is 
l^iuldeil,  il  beeoine^  milk  of  litne;  and  when  mixed  with 
600  times  its  quantity  of  wat^r,  a  clear  solution,  lime- 
[  water,  Is  obtnim*d.      Like  Glauber  salt^,   it  h  niaeh 
lore  soluble  in  cold  than  in  hot  water,  the  latter  dis- 
solving only  lialf  as  much  as  the  former*     On  account 
'  '  ity  af  burnt  lime  for  \l^^tcT,  it  may  be 

t  ■ . . ,  ,    ,  . ..  ,  -  .    - : ;,  1  ng  da m p  places,  and  fur  preparing  an- 
bjdrons  ar  absolute  alcohol  from  the  couiidoq  filc«>hoL 
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Examples  of  the  avidity  with  which  qnicklime  com- 
bines with  carbonic  acid  have  already  been  given, 
under  combustion,  and  in  the  preparation  of  caustic 
potassa  and  of  caustic  soda«  Hence  it  is  veiy  useful 
for  purifying  air  which  contains  much  carbonic  acid ; 
for  instance,  the  air  in  old  cellars,  wells,  mines,  or  in  cel- 
lars in  which  fermenting  liquors,  as  must,  wort,  brandy 
mash,  &c.,  are  kept  Milk  of  lime  is  also  commonly 
used  for  abstracting  from  crude  illuminating  gas  its 
carbonic  acid,  as  well  as  the  admixture  of  sulphuretted 
hydrogen.  It  is  likewise  in  general  use  for  white- 
washing ;  it  becomes  quickly  white  and  dry,  and  then 
it  is  no  longer  hydrate  of  lime,  but  chalk. 

239.  Lime  as  Mortar.  —  Glue  is  used  for  joining  to- 
gether pieces  of  wood ;  and  mortar.,  a  mixture  of  lime 
and  sand,  for  cementing  together  stones.  This  is  the 
most  important  application  of  lime.  A  mixture  of  lime 
and  sand,  on  exposure  to  the  air,  gradually  forms  into 
a  hard  and  stony  mass.  This  consolidation  is  to  be  as- 
cribed to  three  causes ;  —  1st,  the  water  evaporates,  and 
the  hydrate  of  lime  remains  behind  as  a  cohesive  mass ; 
2d,  the  lime  attracts  carbonic  acid  from  the  air,  and  there 
is  formed  a  mixture  of  hydrate  of  lime  and  carbonate 
of  lime,  which  possesses  greater  firmness  than  either 
body  separately;  3d,  on  the  surface  of  the  sand  a 
chemical  combination  is. gradually  formed  of  the  silicic 
acid  with  the  lime,  both  becoming,  as  it  were,  incorpo- 
rated together.  This  explains  the  remarkable  hardness 
of  the  mortar  in  old  buildings.  When  our  structures 
of  the  present  day  shall  have  stood  for  centuries,  the 
mortar  about  them  will  certainly  possess  the  same  de- 
gree of  firmness,  provided  good  quartz  sand  has  been 
employed  in  its  preparation,  and  not  the  argillaceous 
sand  so  often  used.     Sand  also  diminishes  the  shrink- 
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'  contmction  of  the  rnartar,  and  prevents  ita  crack- 
ing aa  it  l)eeome*  dry.  Old  momir  accordingly  con* 
mnU  of  hydrate  of  lirne,  carbonate  of  lime,  silicate  of 
lime,  and  siUt^a  (sand). 

If  you  burn  a  limestone  in  which  clay  is  contained, 
or  an  intimate  mixture  of  chalk  with  one  fifth  of  clay, 
yon  will  obtain  a  burnt  lime,  wbich^  when  mixed  with 
water  and  sand,  yields  a  mortar  Ihat  hardens  quickly, 
like  phister  of  Paris^  and  becomes  as  hard  as  stone  un- 
der water;  it  19  called  hydraulic  cemenl^  and  is  well 
adapted  for  building  piers  of  bridges^  or  other  stnictiires 
uiukT  water.  Clay  is  silicate  of  alumina;  therefore 
hydraulic  cement  is  an  intimate  mixture  of  quicklime 
with  rilicttte  of  alumina. 

240.  Further  Mq^erimenis  wWi  Lime, 
RrperimenL-^VvrAp  a  piece  of  quicklime  In  paper" 
or  in  a  linen  rag,  and  set  it  aside  for  j^onie  wceki ;  the 
paper  and  the  linen  will  become,  after  a  time,  so  rotten 
as  to  be  easily  torn  ;  the  lime,  to  u««e  a  common  ex- 
pression, has  eaten  them*  Thus  quicklime,  like  potassa 
or  soda,  exerta  a  corrosive  action  upon  organic  sub* 
itanccs,  and  for  thia  reason  it  h  ^ho  frequently  called 
caustic  lime.  U  you  rub  between  the  lingers  time 
made  into  a  paste  with  water,  you  readily  perceive 
by  the  fci'ling  its  can^tic  action  upon  the  akin.  In 
tanneries  the  hideis  are  imnjcrsed  in  milk  of  lime,  la 
order  to  looaen  themj  so  that  the  hair  may  eaailir  be 
ibbed  otT;  and  in  agriculture,  lime  is  mixed  wth 
r^edis  such  as  coucb-graas,  &e.,  to  accelerate  their  de- 
eoni|>asitjan*  It  is,  hou^ever,  altogether  wrong  to  mix 
lime  wit  I  >  ••  that  i.-*  alreafly  in  a  state  of  deaty 

aiwi  pttt^TL -..,,..;. J  because  it  contains  timnioiuacal  9alU, 
Uie  animoiua  of  ^ich  would  be  ^el  ijrac  bv  ibe  lica% 


which 
23* 
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and  escape ;  the  manure  would  thus  lose  much  of  its 
efficacy. 

Many  plants,  as  peas,  clover,  tobacco,  flourish  only  in 
a  soil  containing  lime.  If  you  bum  such  plants,  you 
always  obtain,  let  them  grow  wherever  they  will,  ashes 
which  contain  more  than  half  their  weight  of  lime  salts ; 
we  call  such  plants  lime  plants j  and  must  conclude  firom 
these  two  facts,  that  lime  is  as  indispensable  for  the  life 
of  many  plants,  as  common  salt  is  for  that  of  animals. 
Thus  agriculturalists  possess  in  lime  an  excellent  ma- 
nure for  those  fields  where  lime  is  deficient 

Experiment.  —  Dissolve  a  little  soap  in  hot  water,  and 
add  lime-water  to  it ;  the  solution  becomes  turbid,  and 
after\vards  white  flakes  are  deposited,  which  feel  sticky 
when  rubbed  between  the  fingers.  The  same  thing  is 
observed  on  washing  with  soap  and  lime-water;  the 
soap  neither  lathers  nor  cleanses.  Therefore,  water 
containing  lime,  the  so-called  hard  WBtcr,  cannot  be 
used  for  washing.  The  viscous  mass  which  separates 
is  lime  soap,  a  combination  of  the  fatty  substances  con* 
tained  in  the  soap  with  Ume.  Potassa  and  soda  soap 
are  soluble  in  water,  lime  soap  is  insoluble. 

Caustic  lime  is  a  combination  of  oxygen  with  a 
metal,  which  has  received  the  name  calcium  (Ca) ;  it 
may  therefore  be  called,  also,  oxide  of  calcium  (CaO). 
Lime  is,  next  to  the  alkalies,  one  of  the  strongest  bases. 

Gypsum^  or  Sulphate  of  Lime  (Ca  O,  S  O,  -f-  2  H  O). 

241.  Experiment.  —  Expose  to  a  moderate  heat  in  an 
iron  vessel  the  gypsum  obtained  in  former  experiments 
(§§  164, 176),  stirring  it  during  the  heating,  which  must 
be  continued  till  vapors  cease  to  escape  from  it ;  it  will 
afterwards  weigh  one  fifth  less  than  before,  and  is  called 
calcined  gypmm.    The  loss  of  we;krht  is  owing  to  IIm 
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water  of  aystallization  which  was  driven  off  by  the  heai 
A  tempemture  of  120^  C.  is  stifficicJit  to  effect  this. 
&cpcrim€nt  —  Wind  round  the  brim  of  a  doDar-piece 
f}A^m  a  atrip  of  paper,  firmly  securing  the 

loose  end  of  it  by  sealing-wax,  A 
box  is  thus  made,  the  bottom  of 
which  13  formed  by  the  dollar*  Now 
mix  two  even  spoonfak  of  calcirjed 
gypsum  and  a  spoonful  of  water  into 
a  pasta,  »tir  it  round  quickly,  and  pour  the  paste  into 
Urn  box;  after  a  few  minutcg  it  will  become  ao  hard, 
that  botli  the  pnper  nud  the  ctiin  cnn  be  removed*  A 
reversed  impreflsion  of  the  coin  will  appear  on  tlic  un- 
der side  of  the  gypsum.  After  this  ia  perfectly  dry, 
»nif*ar  the  impression  with  a  strong  solution  uf  ?iOi\pj 
mixed  with  a  few  drops  of  oil,  arid  upon  pouriug  over  it 
some  of  the  gypsum  paste,  a  true  stamp  of  the  coin  will 
be  obtaini'd.  The  rapid  hardeuiug  may  be  tfms  ex- 
plained ;  the  anhydrous  burnt  g}'psurn  again  chemically 
combines  with  as  mn(;h  water  as  it  has  Ujiit  during  Ute 
ignition*  If  the  gypsum  had  been  heated  above  IGO^  C*, 
it  would  not  have  hardened;  it  having  then  lost  its  uQin- 
ity  for  water.  In  a  similar  raanner,  figiu^es  of  plaster  of 
l^ari-i  an^J  made  in  hollow  moulds.  Gypsum  is  used  in 
architecture  for  making  on  w^alis  and  ceilings  various 
ornamental  figures  and  deHignsi,  called  stucco* work- 
Gypsum  is  a  mineral  of  ver)'  frequent  oceurrrncc  in 
nature,  and  in  some  localitiesj  as  at  Jena,  it  forms  entire 
mnges  of  hilfa.  When  crystallized  in  tables  it  is  termed 
tknilt^  and  the  white,  <  granular  variety 

oiabaittr.      It  is  :i  urni^v  c-iMihiiikrul 

spritijfwat^. 

'  :  .r  an 

mmaxL 
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To  detect  gypsum  in  a  liquid,  add  to  one  portion 
a  solution  of  chloride  of  barium,  whereby  the  presence 
of  sulphuric  acid  is  indicated ;  and  to  another  portion, 
a  solution  of  oxalic  acid,  by  which  the  presence  of 
Ume  is  shown.  Oxalic  acid  is  the  most  certain  test  for 
lime  salts  (§  197). 

That  gypsum,  as  well  as  quicklime,  is  a  valuable 
manure  for  many  plants,  especially  for  the  leguminous 
plants,  is  well  known  to  farmers,  who  frequently  spread 
it  over  their  barley  and  clover  fields.  The  plants  here- 
by not  only  absorb  the  Ume,  but  also  the  sulphur  of  the 
sulphuric  acid.  Gypsum  has  also  a  beneficial  effect  on 
the  growth  of  plants,  as  it  absorbs  the  carbonate  of  am* 
monia  contained  in  the  air  and  in  rain-water,  and  fixes 
it  in  the  soil,  these  two  salts  being  converted  respective- 
ly into  sulphate  of  ammonia  and  carbonate  of  lime. 

When  gypsum  is  heated  to  redness  with  charcoal, 
sulphuret  of  calcium  is  obtained,  which,  like  the  liver  of 
sulphur,  evolves  sulphuretted  hydrogen,  when  drenched 
with  diluted  acid. 

242.  Phosphate  of  lime  constitutes,  as  already  men- 
tioned, the  principal  ingredient  of  bones;  it  occurs  in 
the  mineral  kingdom  as  apatite  and  phosphorite. 

243.  Nitrate  of  lime  (Ca  O,  N  O.)  is  always  formed 
when  azotized  substances  and  lime  remain  for  some 
time  together  in  contact  (§  207).  This  salt  is  very 
often  generated  in  the  plaster  of  walls,  in  those  build- 
ings where  urinous  liquids  or  ammoniacal  fumes  are 
present,  as  in  stables.  The  lime  loses  hereby  its  adhe- 
siveness, and  crumbles,  especially  when  the  rain  washes 
out  the  easily  soluble  nil  rate  of  lime.  This  process  is 
commonly  called  the  crumbling  away  of  the  walls.* 

*  **  Tlie  injary  thas  done  to  a  building:  by  the  10170.11100  of  wlaUo  bI- 
tratei  has  rcocircd  (in  Gennany)  a  special  name,  Sabp^tr^firtm 
'"«  nitrate  of  lime)."  —  Litbig'$  Ag,  Chm, 
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Chhride  of  Lime,  or  Jlt/pochiorUe  of  Lime  (Oa  O,  CI  O 
+  CaCl), 
844*  -T  '  /»^ — Mix  iKilfan  ounce  of  slakr^d  lirne^ 

wiifi  fiix  (  jt  water,  and  conduct  into  thb  milk  of 

Hrae,  with  frequent  agitation,  as  mudi  chlorine  as  mil 
evolve  from  t^vo  ounres  of  muriatic  acid  an* I  hnlf  tifi 
ounce  of  black  oxide  of  manganese.  The  liquidj  clari- 
fied by  standing,  may  be  regnrdc^d  as  a  solntion  of 
bride  of  Hmt^  and  rruii^t  be  kept:  protected  from  the 
i!r  and  light  It  would  seem  at  tirst  as  if  the  chlorine 
tinited  directly  vnih  the  Iimei  bnt  this  is  not  po3J?ible, 
Bine*',  as  a  geoi'ntl  rtde,  simple  bodiea  cannot  combine 
with  compound  bodies*  The  process  is  as  follows. 
Half  of  the  lime  releases  its  oKygen^  and  is  converted 
into  calcmm,  which,  bf.*ing  a  simple  body,  combines 
with  chlorine;  the  oxygen,  liberated  from  the  lime,  com» 
bines  with  the  icst  of  Ihc  chlorine,  forming  hypochlO' 

rous  acid  (CI  O),  which, 
being  a  compound  body, 
can  now  unite  with  the 
otljer  IiaJf  of  the  lime. 
Thus  are  formed  a  haloid 
salt,  chloride  of  calcium, 
and  an  oxygen  salt,  hfj- 
podduritc  of  lime*  The  latter  is  the  essential  agent, 
the  bleaching  po%ver,  in  the  chloride  of  lime ;  chloride 
»'  fji  is  to  be  regnrded  only  as  an  unnecessary 

n^.,.,  ,-  ighL  Accordingly  the  name  of  chloride  of 
lime  is  incorrect^  but,  like  mnny  other  terms  of  general 
^in,  it  would  be  inconvenient  not  \t\  retain  it 
It  .,,.^.  .  pH>t  \m  forgotten,  however,  that  chloride  of  Hme 
tfl  a  vewy  diflercnfc  body  from  chhmde  of  eafeiunu 

'  J  red  week?,   and 

,^,j  ..♦!..*,..,  .ri  V Hi Ic  of  Hme,  cotton 
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and  linen  are  bieached  in  as  many  days.     For  iliis 
Bon^  vast  quantities  of  chloride  of  lime  are  manuracttir<Ml| 
in  chemical  laboratories,  and  are  consumed  in  bleacher- 
ies  and  calico  print-works.     The  preparation  of  it  an  ii 
large  scale  is   conducted  upon  the  satne  principle  as 
that  jiist  described,  except   that,  instead    uf   milk    of 
lime,  slaked  lime  is  used*  which  is  spread  upon  bnidles  ^H 
in  chambers,  and  which,  lUie  milk  of  lime,  absorbs  the  ^| 
chlorine,     Cliioride  of  litne,  thus   prepared,  is  a  gran^     "" 
ular  powder,  wliich  absorbs  moisture  from  the  nir,  and  i 
emits  the  odor  of  chlorine.  '  Upon,  adding  water  to  it, 
the  same  liquid  m  obtained  as  that  prepared  ubove, 

245»  Experiments  with  Chlorine, 

Experiment  a.  —  Immerse  a  piece  of  cotton,  printed  j 
with  various  colors,  into  a  solution  of  chloride  of  lime;  I 
if  there  are  vegetable  colors  among  those  with  which 
the  cotton   is  printedi  they  will   bkach,  though   bat 

Bs^nment  k — ^  Proceed  in  the  same  manner,  add-  ^ 
ing,  however,  to  the  solution    &omc  drops  of  ditnted^f 

muriatic  or  sulphuric  acid;  the  bleaching  will  then  take  ^^ 
place  ifuiantanecntsh/,  attended  with  the  evolution  of  a 
strong  smell  of  chlorine.  The  acidai  expel  the  feeWr^ 
hypochlorous  acid^  and  this  is  resolved  into  oxygen  and 
chlorine.  If  you  h^t  the  material  remnin  for«!iome  time 
in  the  solution  of  the  chloride  of  lime,  the  vegetable  \ 
fibres  will  also  be  decomposed  (calcu)  by  th«  chlo* 
rine,  and  will  Iobis  their  ilrmncsH, 

Mvperimnit  tv  —  Drop  some  tincture  of  indigo  into  a 
portion  of  the  solution;  t!je  indigo  in  Innnediately  de- 
compowd,  and  jU  bine  iiolor  changed  to  yellow.  Coo* 
tiJinc  lo  add  the  indigo  till  tlje  blue  color  rtsmmns  un- 
a&cted,  and  note  the  quttntity  of  indigo  iiacd;  in  ibis 


be  »treiigUi  of  the  difrorent  aorta  of  chloride  of 
V&m  may  be  dotrrrnin<-(l,  for  the  more  hypoclitoroua 
acid  thcni  is  c!ontaijieci  in  the  c!iloride  of  limo^  so  much 
the  more  indigo  it  13  ti!)le  to  deprive  of  its  colon 

Ej  .  /  fl. —  Cliloride  of  lime,  as  well  as    free 

clJoi  I  roys  the  mivioKS  effluvia  e%^olvcd  during  the 

dt*cuy  or  pntjefaetion  of  orgnnie  subataiices.  The  im- 
pure iiir  of  stables  ja  destroyed  by  strewing  about  chlo- 
ride o(  lim^t  f*nd  dtimp  cell  art?  are  purified  by  washing 
tJie  floors  and  walls  wilh  a  Boluiioti  of  it,  &€• 

In  all  these  dt?compoi^rtiiins,  the  chlorine  always 
combineH  with  the  kmlrngen  of  the  coloring  and  odor- 
ous mutter. 

If  fihlorinf*  IS  ciinducteil  into  a  solution  of  carbonate 
of  soda,  instead  of  into  milk  of  limcj  we  obtaiu  hypo- 
chfmiie  of  tmlii^  likewisa  a  bleaching  liquid,  known  as 
Lidmrraqu^s  disinfecting  Hquor* 

Okhride  of  Cakium^  or  ATnriate  of  Lime   (Ca  Clj  or 
CaO^HCI)- 

246-  Rtpenment,  —  Mix  muriatic  add  with  half  its 
quantity  of  ivater,  and  add  to  it  pit?cc8  of  chalk  until 
efierveiwepi  -^ ;  then  evaporate  the  filtered  solntioi; 

to  the  coii  y  of  a  synip.     Wc  obtain  from  this/ 

on  cooling,  large  prismatic  crj^stals  of  chloride  of  caJci* 
tim,  whleli  must  be  qniekJy  dried  by  pretssure  betweeaJ 
fold*  of  blotting-paper,  and  kept  Ci»rf*fully  exeluded  fronil 
the  aifi  a»  tbey  are  exceedingly  deliqneacent.      In  the 
winlcr  season,  thl^  salt  may  b**  employed  for  freezini 
mercury.     For  this  purpose  let  it  remain  one  night  in  a' 
cold  place,  then  grind  it  up  in  a  cold  mortar,  and  mix  it 
with  ^now;  if  s^orue  inereury,  rontained  in  a  glass  tube 
b   now   introdueed    into  tbi:   mixture,   it  will   beeom&^ 
solid,  tuid  a  f^pirit-of-wine  thermometer  will  indicate  a 
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temperature  of  — 40°  G.  The  sno^  .^and  the  chlo- 
ride of  calcium  melt ;  from  two  solid  bodies  is  thus 
formed  a  liquid,  and  during  this  transition  a  great 
quantity  of  free  heat  must  necessarily  become  latent 

Crystals  of  chloride  of  calcium  contain  half  their 
weight  of  water  of  crystallization  ;  on  being  heated,  the 
water  passes  off,  and  we  ohtain  fused  chloride  of  calcium^ 
one  of  the  most  hygroscopic  salts,  which  may  be  em- 
ployed for  preparing  absolute  from  common  alcohol,  and 
for  drying  certain  gases.     For  this  latter  purpose,  fill  a 

capacious    glass 

FIc  131. 

tube   with  frag- 
ments of  it,  and 
adapt    to    each 
I  end  of  the  tube, 

by  means  of  perforated  corks,  two  small  glass  tubes, 
through  which  the  gas  may  be  transmitted ;  during  its 
passage,  all  the  moisture  will  be  abstracted  from  it  by 
the  chloride  of  calcium.  In  the  preparation  of  ammo- 
nia (§  230),  chloride  of  calcium  is  obtained  as  a  secon- 
dary product  It  has  already  been  mentioned  (§  244), 
that  it  forms  a  constituent  (though  a  useless  one)  of 
chloride  of  lime. 

247.  Fltwride  of  Calciufn  {Csl  Fl),  commonly  called 
fluor-spar,  is  a  mineral  of  frequent  occurrence  in  nature, 
and  is  often  found  in  cubic  crystals  of  great  beauty. 
It  is  easily  fused  by  heat  (hence  its  name),  and  it  yields, 
when  treated  with  sulphuric  acid,  hydrofluoric  acid 
(§190). 
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BARICM  A^n   STRONTIUM  (BABodSr), 
M.  Wt  «  S55*— At.  Wt  ^  5*8. 

S18.  These  two  metals  have  so  great  a  stmilarity  to 
calciam  lu  their  properties  and  com bi nations,  that  they 
may  be  regarcl<?d  as  brethren.  Tlieir  oxidea  are  tennrd 
baryta  (Ba  O)  and  sirontia  (Sr  O),  and  when  water  is 
added  to  them  they  evolve  heat,  a^  is  the  case  with 
Iime^  and  afford  a  basic  rcaetioni  The  carbonates  of 
bsiryta  and  stroritia  aie^  like  elialk,  inmlfibk  in  wateri 
and  at  a  strong  heat  lose  their  earbonic  add^  yet  not 
fto  readily  as  chalk.  The  sahs  of  lline,  as  has  been 
»ecn,  arc  very  easily  prepared  by  merely  adding  sieids 
to  marble  or  ebulk  ;  but  the  salt*  of  baryta  and  strontia 
arc  not  so  easily  obtained,  because  baryta  and  strontia 
arc  rarely  found  in  nature  combined  witti  cnrbonic, 
but  most  freqnenrly  with  sniphuric  acid;  consequently, 
with  tm  acid  which  is  stronger  than  all  others.  It 
is  therefore  neces^^iry^  as  in  the  preparation  of  soda, 
to  adopt  a  ciTcuitoiis  method;  it  must  first  be  reduced 
to  a  solphnret  by  heating  with  charcoal ;  this  eulphufei^ 
may  be  afterwards  decoinposed  by  acids. 

Cldoride  of  barium,  or  nimiate  of  baryta  (Ba  CI),  is 
the  mii^t  common  soluble  salt  of  baryta.  It  crystallizes 
ill  Ininspiinnt  tables,  nnd  is  used  in  medieiiie.  The 
chemist  aleio  makes  n»*c  of  it  as  the  sorest  teat  for  sul* 
phuric  acid  and  the  Mxlphati^  {§  171).  Nitriilc  of 
baiyta  serves  aUo  for  the  same  purpose^ 

Su/piuUe  a/  Baiyta  (BaO,  SOJ. 

Mefietimeni.  —  Dissolve  same  Glauber  salts  in  w^tefi 
Bnd  add  a  solution  of  chloridft  of  bnHtini,  nx  kntg  UB 
py  prerjpitatis  ia  prodac4Hl ;  ohkifide  of  iodittm 
24 
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sulphate  of  baryta  are 
»>"*i-  foixEied  by  doable  eke- 
tive  alHnity  ;  the  Itittrr  is 
tiwrfuMe.  ^qiiite  ittsoluble  in  waler, 
and  aljK>  In  actiK  and  b 
tberefore  thrown  dawn  as  a  biaivy  white  powdiT.  Tbft|| 
ponderoug  mineral^  known  as  heavy  spar^  which  is" 
ijfeqneoUy  found  in  beautiful  tabular  cryBtals,  aisodat- 
ed  parlictilariy  with  metallic  ores,  is  the  native  tul' 
phati?  of  barj^ta*  Barj^  and  the  bar>'ta  salts  are  pfc^ 
pared  frota  it.  Tliis  mineral,  when  ground  to  powder^ 
id  frequently  us^ed  for  the  adultemtion  of  White  lead* 

The  most  remarkable  ehamcterisdc  of  the  siranOa 
mlis  is  that  of  commonicntjng  a  erimsau  iini  to  tba 
Be  of  burning  subf^tanoes*     Niirai€  of  sirontia^  litej 
other  nitrates^  deflagrates  upon  biuning  char 
and  is  used  for  producing  a  eriinson  flame  in  firewor 
prepared  from  potassa,  aalphtir,  and  chareoaK 
ofstnmiium^  or  muriate  of  strtMitia,  is  soluble  in  alcohol,' 
and  imparls  to  its  flame  a  crimsan  cxjlor* 


MAONESItTM  (Hg). 

Epsom  Saiij  or  Stitpkaie  of  M^fmesia 
(MgO,  SO,  +  7H0)^ 

19,  Ejiv^elop  in  a  fold  of  strong  papef  a  f 
serpentine  mineral;  enish  it  with  a  hamnn  r,  i 
puherixe  U  in  an  iron  mortar,  and  nitx  hrilf  an  otiiic 
of  it  in  a  pore^'lnin  bai^in  with  some  rommon  HiilpburjD 
acid  to  the  con*iirttency  of  a  pnste,  and  set  ^'  -  i-  for 
•omi^  dayj*  in  a  wunn  plaee-     Then  stir  in  an 

oimce  and  a  half  of  water,  let  the  mixttin'  * 

for '^lysi  and  fitiaUy  decani  the  warm  ti'-Jir  imiuhu 
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It  will  have  a  green  tint,  owing  to  the  presence  of  some 
protoxide  of  iron.  When  boiling,  add  gradually  nitric 
acid  to  it,  until  the  liquid  has  assumed  a  yellow  color; 
the  protoxide  will  be  thereby  converted  into  sesqui- 
oxide  of  iron.  If  evaporated  until  a  pellicle  is  forraed, 
crystals  will  be  deposited,  which  must  be  dissolved 
lin  in  boiling  water,  and  re  crystal  li  zed*  Sulphate  of 
^uioxide  of  iron,  which  can  be  crystallized  only  with 
difiieulty,  will  remain  in  the  mother  liquor.  The  crys- 
tals have  a  bitter  taste*  Their  constituents  are  sul- 
phuric acid  and  a  base,  called  magnesia  (Mg  O).  The 
taste  of  all  the  soluble  salts  of  magnesia  is  bitter.  This 
base  is  combined  in  the  serpentine  with  silicic  acid, 
which  the  stronger  sulphuiic  acid  displaces  and  com- 
bines with,  forming  a  soluble  salt,  while  the  silica  re- 
mains behind  undissolved.  Wc  find  silic^ite  of  magne- 
sia also  in  other  minerals;  for  instance,  in  meerschaum^ 
soap-stone,  talc,  asbestos,  hornblende,  and  in  several 
varieties  resembling  mica,  &c.  All  tliese  minerals 
have  a  slippery  or  greasy  feeling,  and  are  mostly  in- 
cluded under  the  general  head  of  talc.  Magnesia  is 
sometimes  called  also  talc  eariL 

Epsom  salt  is  one  of  tlie  most  common  purgatives, 
and  is  much  employed  in  medicioe.  We  usually  ob* 
tain  it  in  commerce,  not  in  perfect  crystals,  but  in  the 
form  of  sniiill  aclcular  crystals,  owing  to  the  evaporation 
having  been  carried  on  after  the  formation  of  the  pel- 
licle, and  to  the  stirring  of  the  mass  while  cooling. 
Consequently  a  disturbed  crystallization  has  taken 
place.  In  many  places,  for  instance,  at  Saidschutz  in 
Bohemia,  there  are  springs  holding  Epsom  salt  in  so- 
lution, and  they  are  often  resorted  to  by  invalids.  If 
their  waters  are  evaporated^  this  salt  is  Ukewh^e  ob- 
tained from  them- 
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Carbonate  of  Magnesia. 

250.  Experiment.  —  Dissolve  half  an  ounce  of  Ep- 
som salt  ii)  four  ounces  of  cold 
water,  and  add  a  solution  of 
carbonate  of  soda  as  long  as  a 
precipitate  continues  to  falL 
The  precipitate  is  carbonate  of 
magnesia,  but  sulphate  of  soda 
remains  in  the  solution ;  thus 
the  Epsorp  salt  and  carbonate 
of  soda  have  exchanged  their 
acids.  The  milky  liquid  is  now 
heated  to  boiling,  filtered,  and 
the     precipitate     washed     and 

dried ;  it  is  very  light  and  white, 
and  is  known  as  the  magnesia  alba  of  the  apothecaries' 
shops.  During  the  ebullition,  some  carbonic  acid 
escapes.  Carbonate  of  magnesia  is  also  found  in  many 
kinds  of  marble  and  limestone,  called  dolomite. 

Magnesia  {Oxide  of  Magnesium)  (MgO), 

If  you  heat  carbonate  Of  magnesia  to  redness,  it 
loses,  like  chalk,  its  carbonic  acid,  and  at  the  same  time 
the  water  with  which  it  was  chemically  combined ;  the 
magnesia  remains  behind  as  a  light  powder,  commonly 
called  calcined  magnesia  (oxide  of  magnesium).  It  is 
nearly  insoluble  in  water,  and  consists  of  a  metal,  mag* 
nesiwn^  and  of  oxygen. 

Oiloride  of  Magnesium^  or  Muriate  of  Magnesia 
(MgCl,  orMgO,  IICl). 

251.  Experiment.  —  Add  to  carbonate  of  magnesia 
some  diluted  muriatic  acid ;  the  carbonic  acid  escapes. 


RErROSPECT. 

but  the  ehlorhle  of  magnesium  is  dissolved  in  the 
liq\iid.  This  salt  is  always  found  associated  with  com- 
mon salt^  and  as  it  is  very  soluble  and  hygroscopic,  it 
mmains  ia  the  mother  liquor  on  the  evaporation  of 
^eaJt-spring?.  Thi^rerore  Epsom  salt  may  also  be  ob- 
ed  from  tlm  mother  liquoFj  by  converting  chloride 
of  magnesiimi  into  siiJphate  of  magnesia.  The  bitter 
taste  of  5ea-water  h  owing  to  this  salt* 

Ktperimeni^  —  Put  into  a  glass  of  water  a  few  drops 
of  the  above  ^lution^  or  a  little  Epsom  salt^  and  then 
add  to  It  a  solution  of  phoi^phate  of  soda  ana  some 
ammonia;  the  liquid  iirst  becomes  turbid,  and  finally  a 
crystidline  pitM^ipitate  is  deposited  (phosphate  of  mag- 
-Qcssia  and  ammonia).  In  this  way  the  presence  of 
ImagneMa  may  be  most  ci^rtaiiily  detected. 


EETR08PECT    OF    THE    ALKALmE   EAKTOS   (LBIK, 
BAIllTA,  STRONTIA,  AND  AIAGNEBIA), 

1.  The  metals  of  ihe  aUcalim  earths  have^  like  thi 
aikali-metals,  a  very  great  afEnity  for  oxygen;  the 
preparation  of  them  is  exceedingly  diffienlt 

2.  Their  oatidea  are  calk*d  alkaiiat  carilis; — carthsi 
'because  they  are  sparingly  soluble;  alkaline,  because 

they  have  a  basic  rcaetion.      (The  alkalies  are  easily 
luble.) 

3.  The  alkaline  earths  are^  next  to  the  alkalies,  the 
Owf^eU  bases* 

4-  The  alkaline  earths  havn  a  caustic  action,  but  far 
lens  than  the  alkalies;  hence  the  terms  caustic  linw  and 
l€mi3iie  baryta^ 

5,  They  likewise  eagerly  absorb  carbonic  add  from 
the  air* 

6-  The  carbonates  of  tlie  alkaline  earths   arc  quUe 
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insoluble  in  water  (the  carbonates  of  the  alkalies  are 
easily  soluble). 

7.  The  carbonates  of  the  alkaline  earths  lose  their 
carbonic  acid  by  eocposure  to  a  powerful  heat  (the  alkalies 
do  not). 

8.  The  alkaline  earths  form  with  fats  insoluble  soap 
(the  alkalies  soluble  soap). 


THIRD    GROUP:   METALS    OF   THE   EARTHS. 


ALUMINUM  (Al). 
AtWt  =  171.  — Sp.  Gr.f. 

Clay  and  Loam, 

252.  The  peculiar  action  of  clay  on  being  mixed 
with  water  is  familiar  to  every  one,  forming  with  it  a 
compact,  ductile  mass,  which  may  be  kneaded  into  any 
shape;  it  is  plastic  or  flexible.  If  a  mixture  of  lime 
and  sand  is  treated  in  the  same  manner,  it  will  not  co- 
here, but  remain  friable.  Common  clay  contains  more 
sand  than  plastic  clay,  and,  owing  to  the  presence  of 
iron  ochre,  has  a  yellow  or  brown  color.  There  is 
still  a  coarser  variety  of  clay,  mixed  with  still  more 
sand,  commonly  called  loam. 

Experiment,  —  Hollow  out  a  piece  of  clay,  and  pour 

some  water  into  the 
cavity  thus  formed;  the 
water  will  not  percolate 
through  the  clay,  as  it 
would  through  sand  or 
lime.  When  beds  of  clay  exist  beneath  the  soil,  the 
rain  is  unable  to  penetrate  far  down  in  those  places; 
and  consequently  bog's  and  marshes  are  formed.    These 


Fi«.  isa. 
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'  be  dmincd  by  boring  holes  tlirough  the  clay-beds^ 
to  a  looser  layer  of  earthy  through  which  the 
watei  cat!  (low  off* 

There  arc  found  iji  many  places  iri  the  mterior  of  the 
earth  alternate  beds  of  clay  and  silica,  or  sand,  one 

Fl|.  1^ 


other.  If  these  simta  ascend  on  each  side^ 
\  hub,  the  rai  11 -water,  as  it  runs  down,  tnust  col* 
lect  brtwcen  the  laycra  of  day,  ajid  rise  in  them  as  in  a 
J lubej  since  it  cannot  find  a  vent  in  niiy  tlirection.  If, 
such  a  gcologieal  fonnation,  a  low  situation  be  ge- 
lcct^*d  for  boring  through  the  upper  strata  of  clay,  the 
welter  will  be  forced  out  abavti  I  be  surface  of  the  aoil, 
and  a  natural  fountain  will  be  the  consequence,  from 
which  the  water  will  be  forced  still  higher  on  boring 
throQf^h  the  second  layer  of  clay.  These  fountains  are 
called  Attrsimi  trtiiSf  from  the  province  of  Artoisi  in 
France,  where  the  nature  of  the  soil  is  peculiarly  adapt* 
cd  to  ^nch  worksi, 

Expi'rimt.n4.  —  Put  on  a  paper  filter  half  an  ounce 

of  dry  pulverized  clay,  and  on  another  half  an  ounce 

Aof  f  and  ;  pour  water  over  each,  and  weigh  them  as  *oon 

l)je  filtnition  ban  ecMtjed;  (he  clay  will  weigh  three 

eighths  of  an  ounce,  and  the  sand  only  one  eighth  of 

an  ounce  more  than  before*     If  ilie  wand  had  been  viay 
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coaise,  its  increase  of  weight  would  have  been  still  leas. 
Clay  is,  indeed,  insoluble  in  water,  but,  like  a  spongej  it ' 
can  imbibe  and  retain  a  large  quantity  of  it ;  it  baa  a 
very  great  capacity  of  retmnifig'  water*  In  consequence 
of  this  property,  it  also  parts  with  water  agaiii  much 
more  slowly  than  sand  does,  as  may  be  easily  seen  if 
you  put  both  ti Iters  in  a  warm  place  to  dry*  These 
two  species  of  earths  exhibit^  when  dry,  a  Btiil  greater 
difference :  the  day  forms  solid,  hard  lumps,  the  sand 
remains  a  loose,  granular  powder, 

252.  ExperimenL  —  If  you  digest  some  clay  in  au 
infusion  of  logw^ood  (§  174),  the  day  acquires,  after 
standing  some  hours,  a  violet  color,  and  the  liquid  be* 
comes  much  more  transparent  The  day  has  t 
power  o(  cLbsovbing"  coloring  mntter,  and  rendering  it  iu' 
soluble.  Potters'  clay,  or  pipe-clay,  comports  itself  in 
the  same  manner  towards  unctuous  substances,  and 
hence  it  is  much  used  for  extracting  grease-spots  from 
wood,  paper,  &c.,  by  spreading  it  over  their  surface, 
and  letthig  it  remain  one  or  more  days  in  contact 
with  them-  A  soft  variety  of  clay  is  employed  in 
cloth  factories,  imder  the  name  of  fuUer^s  eartlt^  for 
removing  again  the  grease  applied  to  the  wool  in  spin- 
ning. 

254-  Experiment.  —  Expose  half  an  ounce  of  thor- 
oughly dried  clay  to  the  air  for  some  weeks,  when  it 
will  be  found  to  have  gained  in  weight  This  increase 
of  weight  can  only  proceed  from  the  substances  which 
it  has  absorbed  from  the  air;  these  are  water,  carbonic 
acid,  and  ammonia.  Of  the  presence  of  the  ammonia 
you  may  easily  be  convinced  by  the  smell,  or  if  yoa 
triturate  a  piece  of  clay  taken  from  an  old  wall,  in  the 
vicimty  of  barns  especially,  with  some  lime  and  a  few 
drops  of  water.     Clay,  when  freshly^  dug,  diffuses  no 
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and  then  it  allows  the  water  to  evaporate  but  fIqwIv,^ 
and  remains  for  a  long  time  wet  and  cahL  A  sandy  or 
lean  soil  sufft^n?  from  the  opposite  disad\TintagfS ;  it 
has  too  little  consisiitency  and  is  too  poroiiSj  and  there* 
fore  does  not  hold  firmly  the  roots  of  the  plants  ;  it  is 
eaaily  raised  up  and  blown  awoy  by  the  wind  ;  it  pin-* 
mitis  the  rain  to  penetrate  too  deeply,  and  afterwards  to 
evaporate  again  too  rapidly,  These  properties  coiisti- 
tut45  what  is  called  the  physical  or  external  eonditjon  of 
the  soil  It  is  now  evident,  that  the  physical  condition 
I  of  a  clayey  soil  may  be  ameliorated  by  the  addition  of 
fiand,  and  that  of  a  sandy  soil  by  the  addition  of  clay, 
loam,  or  marh 

356.  E&imaikm  of  Arable  &nL  —  Ejnperitneni,  —  To 
ascertain  the  relative  amount  of  clay  and  sand  in  a  soil, 
triturate  half  an  oimce  of  it  in  a  mortar  with  dcime 
water  into  a  uniform  paste.  Dilute  it  with  mora  water, 
and  pom  the  turbid  Liquid  into  a  tall  glass,  riuf^ing  out 
with  water  what  remains  in  the  mortar-  On  stand* 
Ing,  the  earthy  partic!e@  will  settle  to  the  botr 
torn,  according  io  their  different  s^peeific  gmY* 
itiesj  first  the  coarse,  then  the  fine  nand,  and 
finally  the  clay  or  loam;  and  an  appro^tima* 
tive  eonclueion  of  the  coinpiirativc  qnnntlty  of 
each  may  be  arrived  at  by  observing  the  dif- 
ferent heights  of  the  layers  of  ^and  and  day. 
This  estimation  may  be  reudered  mom  ao- 
curate  by  again  disturbinij  the  sediment,  and^  aftcro 
short  time,  decinting  it  into  anothtr  vej*.^el,  Hiding  the 
precaution,  however,  not  to  decant  the  sand,  which,  on 
account  of  Its  greater  weight,  Minks  fir^t  to  the  bottonu 
The  residue  is  again  stirred  up  with  water,  and  the  lat*  j 
tcr  decanted,  and  tbea^e  pn>ceif,ic!!f  continued  unlU  all  i 
tbe  eky  i^  wa>(hed  out  from  Uio  sand.     VVlille  ikcant- 
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wu*  i»  log,  hold  a  hkI  against  the  rim 

^B  %  of  tUe  glass,  SD  that  the  liquid 

^m        ^aiX  down  on  the  outer  surface  of ' 

mt^  \  the  vessel,  or  else  besmear  the 

t^  \  rim   With   tailoWs   which   will 

^^m  \        likewise  prevent  the  adhesion 

xj  y^       of  the  liquid  to  the  glass.    The 

iand  is  dried  and  weighed^  aod 
||ia  loiis  in  the  original  half*omioe  is  to  be  oalcuktcd 
\  clay, 

I^Tbis  opera tioa,  by  wliich  light  bodies  ate  mechau- 
ily  gi!|iarated  from  heavier  ones,  is  called  Huifiaiioiu 
It  is  fitjqueatly  einpk»yed  to  sf'parate  finely  crushed  ores 
firoiu  the  admixture  of  the  lighter  partielet  of  stone  and 
th. 
f  The  third  Tcry  important  ingredient  of  arable  soil  is 
%e  ((237)|  which  may  be  esitimated  in  the  following 
manner. 
Experimmt — ^  Put  into  a  Gapadocis  flask  half  an  ounce 
f  welWrietl  earth  \  poor  over  it  three  ounces  of  Master, , 
then  add  gradually  half  an  ounce  of  muriatic  add, 
and  let  tt  remain  for  some  hours  in  a  warm  place. 
When  the  effervesce  nee  has  ceased,  pour  the  liquid 
upon  a  fdter,  and  wash  the  flask  and  filter  with  some 
ounces  of  warm  water.  Add  ammonia  to  the  yellowish 
\\  I  smell  of  it;  the  brown  flaky i 

- .    ,  separated  consists  of  hydra t-* 

ed  oxidia  of  iron  ami  alumina,  which  you  must  lemoM 
by  a  ftccotid  filtration*     The  dear  solution  obtained  idj 
then  boiled  in  a  ilask,  and  a  concentrated  solution  of  j 
etfbouotc  of  ammonia  or  carbooatc  of  potassa  id  addedf 
long  as  any  p^  rrtu.     This  is  earbonataj 
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Fi«  137.        and  weigh.     A  more  simple  metliqd  is 
fz^  to  pour  the  contents  of  the  flask  into  a 

graduated  glass  cyliifdcTf  and  detenniii^ 
by  mea&uie  the  lime  which  goon  sattka  ilt 
the  bottom.  You  previously  dGtermine 
the  weight  of  a  degree  of  lime,  once  for 
ali,  by  dissolving  4,  6>  8,  10,  Acc,^  graint  of 
dialk  In  diluted  muriatic  add,  precipitating 
them  by  carbonate  of  amino nia,  and  th#n 
mmking  the  space  ocmipied  by  the  pwt* 
cipitate  in  the  gmduated  cylinder-  If  ycm 
have  more  liquid  than  the  cylinder  hotdsi, 
you  may  either  evaporate  the  liquid,  or 
perform  the  experiment  with  half  the  quantity.  Thi« 
metliod,  however,  will  Dot  give  very  accurate  results 
when  the  soil  contains  not  only  lime,  but  also  alumitiOi 
sixtce  this  is  partially  precipitated  at  tho  same  time 
with  the  carbonate  of  lime* 

These  two  simple  tcstS|  the  mechanical  and  the 
chemical,  deserve  to  be  mom  frequently  employed  by 
the  farmer  than  tliey  actually  are  ;  tndtied,  by  meauii  of 
them,  and  without  any  costly  apparatus  or  much  ex- 
pense of  time,  he  C4iti  make  himself  suJTidenlly  ac- 
quainted with  the  most  important  constituenta  of  his 
diflereut  soils* 

Eartkcn*Ware. 

257.  Tlie  plastic  property  of  clay,  together  wth  that 
of  Imnknif^  by  heat,  renders  it  pccubarly  adapts  foe 

the  manufacture  of  earthen-ivare.  Use  day,  having 
been  more  or  less  punhcd  by  elutriation  and  Unr;iJi(i(^| 
is  either  fashioned  by  Uic  hand  ufjou  the  p*H  ue^^ 

or  r  y  preMuic  IP  its 

0bap^.,  . -useafQ  Cr-vT  il  f^ 
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in  furnaccft,  until  they  hare  become  hard  like  stone. 
The  eky  contracts  in  drying,  but  still  more  in  baking; 
ron^«*quentH%  partlien-ware  is  ssmaller  after  being  baked 
t!iari  before.  On  account  of  tliis  property,  smaU  cylin- 
der of  clay  were  formerly  used  for  measuring  high 
tempera tarea  ( Wed^etfJOOiPs  pyrometer)*  Though 
ear* Ik* n- ware  acquires  by  baking  great  hardnesa  and 
«otidity,  yet  it  still  remains  so  porous  as  to  imbibe 
water,  and  also  to  let  it  sweat  through.  This  fault  is 
mnctlied  by  covering  the  ware  with  a  vitreous  coating, 
the  fK>cal]ed  ghzittg-j  which  is  eom|>osed  of  the  same 
h  U  as  glas«  (§226).     The  moat  important  kinds 

i'   ^^  ■      iv  are,^ 

a.)  Kricka  and  flower-pots,  made  of  loam  or  coarse 
Jay,  mostly  unglazed.  The  brown Uh^retl  color  of  the 
bricks  is  owing  to  the  presence  of  oxide  of  iron* 

b,)  Earthen-wnnf^,  made  of  common  clay,  and  coated 
a  glazing  of  litharge  and  clay* 

I)  8toiie-wttre  (fine  eartheii-%vare},  made  of  very 
rhite  clay,  and  likewise  covered  with  a  glazing  of  U- 
and  clay* 
t)  Pel  ft- ware,  stone-ware  covered  with  a  glazing, 
which  le  rendefed  opaque  and  of  a  milky  whiteness 
(enamel)  by  oxide  of  tin  (whii^  Ihitch  tib^,  &e.). 

e;)  Porcelain  is  made  of  tiie  Gnci^t  eiay  (porcelain 
elay  or  kaiilln),  with  felspar,  and  baked  till  fusion  com- 
1  ;  the  glazing  consists  of  potassa-glass,  without 

I' 

/.)  English  st43fie-ware  (ordinary  porcelain)  is  made 

fgrmyt*  :    ^    hnked;   ■'       '     iiig  is  prepared 

am  cx»i:  4  is  thrav,     .         i  hot  pottery 

fnniace,  and  consists  at  soda-glsix;:*  withnnt  litharge 
(      ■  HttiTDnt,  &I5.V 

'  oxides) 
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he  employed  for  staining  and  ornamenting  the  di£ferent 
lands  of  pottery. 

Composition  of  Clay. 

258.  Experiment.  —  Dry  thoroughly  a  piece  of  white 
clay,  and  expose  it  for  some  horn's  to  a  powerful  heat, 
which  is  most  easily  done  on  the  hearth  of  a  heated 
oven ;  then  rub  two  ounces  of  it  to  a  powder  in  a  por- 
celain bowl  with  one  ounce  of  sulphuric  acid;  poor 
upon  the  mixture  one  ounce  of  water,  and  let  it  remain 
some  weeks  in  a  warm  place.  Frequently  stir  the 
mass  during  this  time  with  a  glass  rod.  Finally,  dilute 
it  with  six  ounces  of  boiling  water,  and  strain  it  through 
linen.  The  residue  on  the  latter  consists  principally  of 
silicic  acid,  but  a  base  called  alumina  (Ala  O3)  is  found 
dissolved  in  the  liquid. 

Clay  is,  accordingly,  an  insoluble  salt,  silicate  of 
alumina*  Before  the  clay  is  heated,  the  silicic  acid 
holds  on  so  firmly  to  the  base  that  the  sulphuric  acid  is 
not  able  to  expel  it ;  but  it  can  do  this  after  the  clay 
has  been  moderately  heated.  All  clay  (and  loam) 
contains,  besides  silicate  of  alumina,  variable  quantities 
of  silicates  of  potassa,  soda,  lime,  &c.,  which  are 
likewise  rendered  dissolvable  by  burning  the  clay.  To 
these  alkalies,  as  well  as  to  the  greater  porosity  of  the 
heated  clay,  it  is  to  be  attributed  that  a  heavy  clayey 
soil,  which  is  impervious  to  the  air,  is  converted  merely 
by  burning  into  very  fertile  arable  land,  and  that  badly 
(slightly)  burnt  bricks  yield  a  very  efficient  material  for 
manure. 

Sulphate  of  Alumina  (Al,  Og,  3  SO,  +  18  HO). 

259.  Experiment.  —  Evaporate  the  liquid  obtained  in 
the  former  experiment  till  only  one  and  a  half  or  two 
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cniiices  of  it  remaiiiT  and  then  put  it  in  a  cool  place; 
lit  will  crystallize  in  lliin  ^llky  plates  of  a  pearly  lustre, 

*  which  are  very  cJcliqaesceiit;  it  is  mtlphatt  of  ainmlna, 
Pour  off  the  liquor  remaining  behmd,  which  always 

•  contairti  Cfcc  sulphuric  acid,  and  agutn  dissolve  the 
lervi^lsib  in  li  little  wati.rr.  In  factories  the  solution  is 
Ifri'queiitly  evaporated  to  dryness^  and  a  solid  mass  is 
[th*T<  by  obtajncdp  which  is  cmplayetl  iu  oalico-priutittg 

ind  dyeing. 

Ahimimi^  or  Oxid^  of  Aluminum  (Al,  Oj). 

260.  EifperiinenL  —  Add  a  solutinn  of  caibonate  of 

to  half  of  the  above  solution  of  sulphate  of  alum  i- 

tiniil  the  liquid  jcactn  basically ,-  a  brisk  cRbrveS" 

cence  ensues,  and 
Vgiuiij*.     a  gelatinous   pre- 
cipitate is  formed, 
muiA^      wliich,  after  repL'at- 
ed  w^aflhings  with 
inwUibk.    water,  ^411  dry  in  a 
warm  place  into  a 
white  powder.      This  powder  is  a  coinbitiation  of  tdu^ 
^mina  with  water,  kf/ilraie  of  ahmifta  (AL  Oj,  3  H  O). 
)t  is  insoluble  in  watcTj  and  cannoi:  combine,  like  the 
previously  con^^idered,  with  carbonic  acid  ;  hence 
llie  cartjonic  acid  gap,  set  free  from  the  earbcnate  of 
i^  escaped  with  ciRTveseencc^     Alumina  differs  from 
in  noi  being  nttdered  phsHc  by  wmtcr,  and  from 
liiT)^  strontla,  and  n)rig»t*sia  in  not  giving^  na 

'atki. i.  tton. 

The  constituents  of  alnmina  arc  aluminum  and  oxy- 
|grn,  consiifliiig  of  one  alutti  of  alurainum  and  one  and 
iir..r..v. M^...,.    8m>h  »v —  -- i'-  j  ....... a  .,^. 

flora  tbr 
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ered,  aB  K  O^  Na  O,  Ca  O,  &e.      The  nomberi  of  i 
sesqiiibaaes  are  doubled^  in  onler  to  avoid  the  inconvcn^ 
ience  of  using  fractions ;  thus  1 :  IJ  : :  2 :  3^=  Al,  O^ 

Experimenl.  —  Heat  In   a    test-tube    some   aJuiDina 
with  potassa;  it  dissolves  in  it  camphtebf^^m^eh  enters 
Ljiito  combination  with  the  potassa,     Wc  call  aliimitia  a 
Ybase^  because  it  combines  with  adds  \  we  may  ul^io  re- 
gard it  as  an  acid^  for  it  eombinca  also  with  bases.    We 
shall  hereafter  find  aitiong  the  niftallie  oxides  other 
such  irresolute,  double-faced  characters,  which  play  the 
part  of  a  base  towards  strong  acids,  and  of  an  acid  to- 
'  wards  strong  bases.     Striving  to  be  both,  they  are  in 
■reality  neither^  and   therefore  salts  with  an  alnmiua 
base  always  have  an  add  reajetion}  and  those  with  an 
almnina  acid  a  basic  reaction,  but  botli  of  them  arc  very 
eas^iily  decomposed. 

Alumina  is  a  body  of  ejctreniely  difficuU  fusifnlii^ }  we 

»can  only  raclt  small  quarilitica  of  it  bcfnre  the  oxy- 

^fcydrogen  blow-pipe*     The  nitilted  alumina  has  the  a|>* 

jiearance  of  glass,  and  a  hardnetss  which  is  only  «tir- 

Ipa^scd  by  (liat  of  the  diamond  (artifii'isil  rubies).     In 

this  form  we  find  alumina  also  in  nature;  the  fub^^  the 

most  costly  red  precious  stone,  and  the  sapphirct  the 

most  costly  blue  stone^  consist  of  crys^tallizeil  alumina. 

Emery  has  ali^o  the  same  constitution,  and  is  empJoycd, 

on  account  of  its  hardiic&H,  for  polishing  metJilti  oihI 

Alum    (Sitfphate  of  Afttmum  and  Jhlassa)* 
( KO,  BO,  +  AL  O,,  H  S  O,  +  24  11  OJ 
!1*  Experiment,  —  Sahirate  two  ounces  of  botliiig 
water  with  sulphnte  of  potaf^isa,  and  add  loit  a  aolnlioo 
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white  sediment  The  sediment  is  ohm  in  a  state  of 
pawder.  If  dissolved  in  boiling  water  and  slowly 
cooled^  yon  obtain  from  it  crystalli^sed  alum  in  beauti- 
ful, transparent,  foor*sidcd  double  pyramids  (octahe- 
droos). 

Thua  alum  is  a  combination  of  two  different  salts,  — 
it  is  a  tloubk  salt  The  two  salts, 
sulphate  of  potassa  and  sulphate 
of  alumina,  have  united  chcmi* 
callt/  togcfheTj  for  a  new  body 
with  new  properties  is  formed 
from  thein;  they  have  united 
chemimfh/  with  each  other,  for 
definite  quantities  of  both  snlts 
have  eTYten*d  into  combi nation, 
rfy,  half  an  ounce  of  sulphate  of  potassa,  and  an 
'ounce  of  sulphate  of  alnminu;  or,  more  arcunitely, 
1 1  at,  K  O,  S  O3,  ond  1  at  AL,  0„  3  S  O^  Alum  is  diffi- 
[cidtly  soluble  in  cold  water,  easily  so  in  hot  water,  has 
§mid  reaction}  and^  like  oU  tfie  salts  of  alumina,  has 
astringent  ta^te. 

262,  Ejtpcrimcnis  wUIi  Alum. 

ErperimfnU  a,  —  Iloat  a  smtill  crystal  of  alum  before 
Hie  blow-pjpe;  it  foams  and  melts,  forming  a  white 
porous  mass  (burnt  alum),  the  foaming  is  ow^ing  to  the 
evapt»ralion  of  the  water  of  cryi^tallization,  which  eon* 
alitutcs  nearly  one  ho  If  of  the  weiglit  of  the  alum. 
ETperimeni  Ik —  Hydrate  of  alumina  is  precipitated 
c  '  '^  of  soda  from  alum,  in  the  same  manner 
ffi  imte  of  alumina. 

Erptrimeni  c  —  Boil   half  an  ounce  of  Bmzil-w^cod 
fifteen  minutes,  in  eix  ounces  of  '     '  "     '       ^  the 
n,  and  dia<oh-»?  in  it  half  an  ^  it 
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thereby  acquires  a  more  brilliant  red  color,  N<iw  add 
to  it  a  solution  of  carbonate  of  potassa  or  of  soda,  m» 
long  as  any  preeipitate  is  produced;  this  predpitate 
is  of  a  fine  red  coloti  and,  when  dried>  constitutes  the 
Brazil-wood  lake  of  commerce.  In  a  similar  manner 
colored  precipitatcfi  (lakes)  are  obtained  from  other  vf  g- 
etiible  coloring-substanoes.  This  example  serves  to 
show  the  powerful  aUraciwti  which  alumina  has  for 
cohf^ng'  mailen  Almost  all  colon?  of  the  uninuil  niid 
vegetable  kingdom  may  be  precipitated  by  alutnina 
from  their  solutioiiB,  which  aceounts  for  the  great  im- 
portance of  the  alumina  salts  in  dyeijig  and  i*alico* 
printing.  For  this  purpose  the  aceiaie  of  alamimt  lit 
very  frequently  substituted  for  alum,  because  the  feeble 
acetic  acid  more  readily  leaves  the  aluiiiiiia  than  the 
strong  sulphuric  acid  does*  It  is  obtained  by  mL\iii|^ 
together  a  solution  of  acetate  of  lead  and  sulphate  of 
alumina  (or  alum),  whereby,  by  tloubic  elective  adinitVi 
soluble  accfatt  o/aiamina  (alum  mordant)  and  imolubU 
sulphate  of  lead  are  formed. 

Experiment  tL —  Moisten  a  piece  of  alum  (iir  clay  or 
alumina)  with  a  drop  of  a  solution  of  nitrate  of  cobalt, 
and  heat  it  before  the  blow-pipe;  the  nitric  acid  is 
driven  off^  but  the  oxide  of  cobalt  which  rcmiiins  be* 
hind  imparts  a  bemdiful  bine  color  to  the  compound  of 
alumitia.  Tins  fact  is  frequently  taken  advantngc 
of  aa  very  accurate  means  of  detecting  alumina.  By 
a  similar  process,  a  vulunblc  and  very  beautiful  blue 
pigment  is  prepared,  called  smalls. 

Anoiher  Bplendid  blue  pigment,  ttUratiUsriite^  has  been 
made  within  a  few  years,  by  heating  to  redneim  a  mix* 
tnre  of  alumina,  Bulpliuret  of  sodium*  and  a  trmm  at 
iron.     This  pi^nent  nmst  Le  cis 
tact  with  aeidi*,  aa  they  would  i:>,.i.t  ** 
J//Mgi  hydrogen,  and  de:$(roy  Ihc  color. 
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263,  Alum  is  not  prepared  on  a  liirge  scale  directly 
from  day  and  sulphuric  acid,  btit  from  rocks  contain' 
ing  nlurnina  and  also  sulphur  (pjrrites) ;  for  iustaticCj 
ntominoiiB  slaters  or  shales*  If  these  tocUa  are  allowed 
to  remain  for  some  time  exposed  to  the  air  (wealber" 
tug'),  or  are  moderately  heated  (roasted),  1  here  is  fomicd 
from  the  sulphur  sulphuric  acid^  which  now  coinbbies 
with  the  alumina* 

254.  Alum  mlTords  a  fine  example  for  elucidating  the 
principle  of  so-called  isomorphism*  For  instanccj  we 
arc  ai>]c  to  replace  the  potassa  in  the  alum  by  an- 
other simple  atomic  hase^  namely,  soda  or  ammonia^ 
or  to  replace  the  aJuxnina  by  another  sesquibase,  name- 
ly, seBquioxide  of  diromium,  or  Bes(|Uio?cide  of  iron, 
without  thereby  changing  the  octahedral  erystalline 
form*     We  thus  obtnin  the  following  kinds  of  alum :  — 

FdlMMi  *)iim,  eoa^kelng  of  talpbAle  ofolumiiu   +  «ulphjite  of  po(»da. 
6odA«ht]ii,  »  -  •*        4,        «       *.|cwi4i. 

Anmonui  stBDt      **  "  «        ^       «       *MmmQnii. 

CtvQiDV  alttmi  **  iul|ihar4sofebrome    4*        "        *<  pomssA 

(foda'or  funmonin). 
^Iraaaltraii  "  tulpliAieof  iron       +  Bolphato  of  |K>tn^ii 

(simU  or  jttnmoniA)< 

These  combinations  are  said  to  be  isommjihous  (from 
tfwt  equnly  and  ^0^7,  Z^*^)*  or  having  the  same  form, 
because   they  possess  a  similar  comtilutum   and   the 

'  eame  crf^slafline  ftfrm  (octahe^lron).  The  term  alum  is 
now  appliedj  alsoi  to  some  of  the  double  salts,  in  which 
no  alumina  b  pmaent*  The  three  first  of  the  alums 
mentioned,  have  a  white  colorj  chrome  alum,  a  deep 
red,  and  iron  alum,  a  pale  violet  color,     They  may 

.  easily  be  prepared  by  dissolving  together  in  water  their 
iilrople  eotistitnent  salts,  in   proper  proportions^ 
putting  file  folutifiu  aside  to  ctrystallize. 
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t)ccurrence  of  Alumina  in  Nature. 

265.  Next  to  silica,  alumina  occurs  most  firequently 
in  nature,  and,  indeed,  not  only  in  clay  and  loam,  but 
also  in  rocks  and  minerals ;  for  instance,  in  the  well- 
known  gray-colored  clay-slate,  porphyry,  &c.  Felspar 
must  be  regarded  as  the  most  important  of  the  alumina 
minerals,  and  is  found  in  greater  or  less  quantity  in 
granite,  gneiss,  mica-slate,  and  other  rocks.  In  its  con- 
stitution it  has  the  greatest  similarity  to  alum,  except 
that  it  contains  silicic,  instead  of  sulphuric,  add. 

Alum  (anhydrous)  (K  O,  S  O,  +  Al,  0„  3  S  O,) ; 
Felspar  (K  O,  Si  O,  +  Al,  0„  3  Si  O,). 

Felspar,  like  all  other  stones,  is  finally  disintegrated  by 
the  influence  of  air  and  water,  and  by  heat  and  cold ;  it 
weathers,  as  the  miners  say,  or  is  dissolved,  and  the  sili- 
cate of  potassa  is  thereby  gradually  removed  by  the 
water,  so  that,  as  the  result  of  this  decomposition,  clay 
or  loam  remains  behind  ( Al^  O3,  3  Si  O3).  When  the 
farmer  lets  his  ploughed  land  lie  falloiVj  that  is,  remain 
uncultivated  for  some  time,  he  by  this  means  acceler- 
ates the  weathering ;  soluble  salts  of  potassa,  soda,  lime, 
and  other  salts,  are  thereby  formed  from  the  constitu- 
ents of  the  soil,  and  to  these  salts  especially  is  to  be  at- 
tributed the  greater  fertility  of  fallow  land  over  that 
which  has  been  exhausted  by  cultivation. 

266.  Glucinum,  Yttrium,  Zirconium,  Thorium,  and 
the  recently  discovered  Erbium,  Terbium,  and  Norium, 
are  very  rare  elements,  the  combinations  of  which  with 
oxygen  are  white,  insoluble,  and  earthy,  like  aluminum, 
and  are  called  Glucina,  Yttria,  Zirconia,  &c. 
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RKTEOSPECT  OF  IHE  EAK'As  f  ALtJHIN*.  Ac). 

1*  The  earths  arc  combinatious  of  the  metals  of  the 
earths  with  oxygen. 

2*  They  arc  entirely  insoluble  in  water. 

3.  They  do  tioi  combine  with  e^rbojiie  add 

4.  The  most  im|3ortunt  of  these  earths  h  alutnirta^ 
whicht  combined  with  biliea  (ciatf^  lomn}^  forms  a  prin- 
dpal  ingredient  of  amble  kndj  and  of  many  kinds  of 
rucks- 

5,  Alunriina  is  a  much  weaker  base  than  the  alkalies 
and  nlkulinc  earths. 

6,  Weak  bases,  as  if  they  were  acidSj  combine  with 
etroiig  buses. 

7<  Mfiny  bodies  may,  in  chemical  combiiiationaj  re- 
place anotiicr  body,  atom  for  atom,  witliout  a  change 
of  the  crystatllne  form  taking  place  {isomorphaus  sub- 
fttances}* 

8.  N^uiral  safis  arc  sdt^  in  which;  for  every  atom  of 
oxygen  which  the  base  contains,  there  is  bd  atom  of 
acid 

9-  Many  netitrai  salts  may  combine  with  one  or  ecv- 
eml  atoms  of  adds;  saeh  combinations  afe  called  acid 

10.  There  are  also  combinations  of  neutral  salts  with 
on«  or  more  atoms  of  bases ;  tlicy  are  termed  basic  ^alls^ 

11.  When  two  diiTcn*nt  saU^  unite  chemically  with^ 
each  QtheFi  Uicy  are  called  dtmble  salts. 


BBTBOSraCT  OF  TITK  iUGUT)  METALS  IHTHEBTO 
CUN8IDEKEI>. 


m        1*  Tlie  meta|4  of  tlw  pi  Mini  m*^,  of  the  nlkaline  earths, 
I    and  1'  mel^h^  because  they 
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2.  They  never  occui^  nature  as  pure  metalS|  neither 
as  pure  oxides  (with  the  exception  of  alumina),  but  al- 
ways as  saUsj  and  constitute,  together  with  silica,  the 
principal  portion  of  our  earth. 

3.  Of  all  bodies,  they  have  the  greatest  affinity  for 
oxygeriy  and  form  with  it  oxides,  which  (with  the  excep- 
tion of  the  earths)  dissolve  in  water. 

4.  The  oxides  of  the  metals  of  the  alkalies,  and  of 
the  alkaline  earths,  are  the  strongest  bases  (alkalies, 
alkaline  earths). 

5.  On  account  of  their  great  affinity  for  oxygen,  the 
preparation  of  the  light  metals  is  very  difficult,  since 
the  combination  between  the  metal  and  oxygen  can 
only  be  destroyed  in  the  strongest  charcoal-fire,  or  by 
the  galvanic  current  Only  potassium,  sodium,  and 
aluminum  are  as  yet  accurately  known. 

6.  Until  the  year  1807  the  alkalies  and  earths  were 
regarded  as  simple  bodies ;  but  at  that  time  the  English 
chemist^  Davy,  succeeded  in  resolving  them  irito  metals 
and  oxygen,  by  means  of  the  galvanic  current. 

7.  Most  of  the  light  metals  are  able  to  decompose 
water,  even  at  ordinary  temperatures,  and  without  the 
aid  of  an  acid ;  that  is,  to  withdraw  from  it  the  oxy- 
gen, and  consequently  liberate  the  hydrogen. 


LAWS   OF   CHEMICAL   COMBINATION. 


Before  proceeding  to  the  consideration  of  the  other 
metals,  it  will  be  well  to  revert  to  the  laws  of  chemical 
combination,  often  mentioned  in  the  foregoing  pages, 
and  to  reduce  them  to  a  methodical  system. 

267-  Classification  of  Chemical  Co'^^'n:i!io^^.^  As  iv 
blc  words  may  be  formed  from  the  iwenlv^ix 
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letters  of  oar  alphabet,  so  likewBe  iniiamerabie  com* 
poundd  may  be  prepared  from  tiic  sixty-two  chemical 
elements*  These  may  be  classed  into  three  great  di- 
visions* Coinbiruitions  of  tlie  Jim^  order  are  ibrmed 
when  elements  unite  with  elements;  to  this  belong, 
for  iiistaneei  acldi*  and  bases.  When  tbcBc  arc  com* 
bincd  together,  we  obtain  combinations  of  tlie  scvond 
order^  for  instance,  saiis.  From  the  union  of  the  salts 
witli  S!ill!5  are  produced  noinbinu lions  of  the  t/ttrd  arficrf 
for  instance,  double  units.  We  tiiid  something  finite 
tinologous  to  this  in  the  constmction  of  our  language. 
FnnTi  letters  we  form  st/UaMeify  fnrni  syllables  single 
wards^  and  from  yingli:  worU)s  annpound  words. 

268.  WJien  bodies  combine  chtmiadbj  wUh  each  other^ 
if.  is  nhfuiffit  in  rertnin  ftxrd  and  inrartuhie  praportions* 
Water,  in  whatever  condition  it  may  exist|  whether  hi 
springs  or  In  tlm  sea,  as  joe  or  vapor,  h  uajformly  com- 
[Kjsed  of  12}  otincc.**  of  hydrogen  and  100  ounces  of 
oxygen.  When  artilicially  prepared  by  borning  hydro- 
gen in  oxygen  gas,  exactly  the  above  proportion  of  each 
gafi  Ih  rtfcjuireJ,  that  i^  V^*j  gniins,  ounces,  or  pound^s  of 
hydrogen  arc  recjuired  for  every  100  grains^  ounces,  or 
pounds  of  oxygfo.  If  13  ounces  of  hydrogen  sire  taken, 
ba!f  an  ounce  of  hydrogen  remains  behind;  or  if  101 
imnccs  of  oxygen  arc  taken,  then  tm  ounce  of  oxygen 
remains  behind-  Quicklime,  whether  prepared  from 
marble  or  limestone,  from  chalk  or  oyj^tcr-shells,  invari- 
obJy  confraini*  2o(*  imn*.*es  of  calcium  and  lOU  ounces  of 
oxygen;  and  sulphuric  acid,  whether  manufactnred  by 
the  Nordhau5en  method,  from  green  vitriol,  or  accord- 
ing to  the  English  metlio<I,  by  the  combustion  of  aul* 
pbuf,  aiurayji  contaiiLi  200  ounces  of  sulphur  to  300 
oancen  of 

*^'"^^    T*  ]..,,.,i  as^certainedj  by  the  moi^t  rcli- 

n  w  many  parts  by  weig^hl  oi  V\ia 
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other  elements  comMne  with  100  parts  by  weight  of 
oxygen.  Since  thesi^  quantities,  as  will  hereafter  ap- 
pear, are  of  great  importance  in  chemistry,  the  num- 
bers representing  those  of  the  most  common  elements 
are  given,  as  follows :  — 

100  ounces  of  oxygen,  =  O,  combine  with 


12i 

ounces 

of  hydrogen, 

orH. 

489  ounces 

of  potassium, 

orK. 

175 

u 

nitrogen, 

"N. 

290 

tt 

sodium. 

"Na. 

75 

u 

carbon, 

« c. 

225 

tt 

ammoninmy 

«NHi. 

200 

tt 

sulphur, 

"  s. 

250 

M 

calcium, 

«  Ca, 

400 

tt 

phosphorus, 

« p. 

855 

tt 

barium. 

«Ba. 

443 

u 

chlorine, 

«  CI. 

158 

tt 

magnesium. 

"Mg. 

1000 

tt 

bromine. 

"Br. 

171 

tt 

aluminum, 

«  AL 

1586 

u 

iodine. 

«  L 

350 

tt 

iron. 

«Fe. 

325 

u 

cyanogen. 

«Cy. 

345 

tt 

manganese. 

«  Mn. 

136 

tt 

boron. 

"B. 

368 

tt 

cobalt. 

"  Co. 

278 

tt 

silicon. 

«  Si. 

369 

tt 

nickel. 

«Ni. 

407 

tt 

zinc, 

«  Zn. 

1350 

ii 

silver, 

"Ag. 

735 

tt 

tin, 

"  Sn. 

1232 

U 

platinum, 

tt  pj^ 

1294 

tt 

lead. 

«  Pb. 

2458 

tt 

gold. 

**  Au. 

1330 

tt 

bismuth. 

«  Bi. 

328 

tt 

chromium, 

«  Cr. 

396 

« 

copper. 

"  Cu. 

937 

tt 

arsenic. 

"  As. 

1250 

tt 

mercury. 

"Hg. 

1613 

11 

antimony. 

«  Sb. 

These  numbers  are  called  combining'  propariianaU^ 
because  they  express  the  proportion  in  which  an  ele- 
ment chemically  combines  with  100  parts  of  oxygen. 
If  we  now  wish  to  ascertain  the  composition  of  po- 
tassa,  or  of  oxide  of  mercury,  we  have  only  to  refer  to 
the  table,  and  we  find,  that  in  potassa  489  ounces  or 
parts  of  potassium  combine  with  100  ounces  or  parts 
of  oxygen,  and  that  in  the  oxide  of  mercury,  1250 
ounces  of  mercury  combine  with  100  ounces  of  oxygen. 

Accordingly,  the  elements  with  the  smaller  propor- 
tional numbers  must  be  regarded  as  more  powerful  than 
those  with  larger  proportional  numbers.  Potassinmi  for 
instance,  is  2^  times  stronger  than  mercaxyi  ainoe  489 
Qjlltgp5  0(  it  unite  with  the  same  quiuitity  of  oxygen 
ounces  of  inercury  do. 


870p  EquitHdtni$,  —  Further  expcrimenta  have  led  to 
suTfJo^iig  diacavery,  that  these  numbers  not  only 
[idicmTi!  in  whut  proporiiuri  the  elcmeats  combine  with 
Qxygeo,  but  alao  in  what  quiiutttics  Uiey  combine  wiUi 
tack  oth^r,  The^e  quantities  are  the  emme  as  tho&e  of 
tlie  prujHirtianal  numbers.  12^  onnct^s  of  hydrogen 
combine  exactly  with  lOU  ouiiceii  of  oxygen,  lorraiog 
water;  with  200  ounces  of  sulphur,  rorniing  suiptiu- 
ettcd  hydrogen ;  with  44^  ounces  of  chlorine,  forming 
inriatie  aeid.  The  same  quantity  of  sulphur  wliich, 
ith  «iOO  ounces  of  oxygen,  rurined  gulphuric  acld^ 
n,  with  489  ounccB  of  potaBsluni,  snip  buret  of  po' 
iuni,  With  ii50  ouncrs  of  iron,  sulpUuret  of  irouj 
ad  with  1250  ouncea  of  mercury,  &ulphuret  of  mcr- 
jrj  1  *  ir).     If  the  iron  is  heated  with  cinndb^if, 

ac    -•    _  parses  to  the  stronger  iron,  and  the  mcr- 

isry  is  set  free,     350  ouneea  of  iron  are  tljus  just  sulfi* 
I  to  deeoinpoi^e  1J50*  onnec-ij  of  einnabar^  and  con- 
aitly  to  liberate  l*i<50  ounces  of  me^-cury.     If  more 
yn  h  empJoycdj  a  portion  of  it  reniains  uncombined ; 
more  r"        '      ,  a  part  of  it  remains  undecomposed, 
Vhtn  in  d  combhudion  ofte  elcmtHl  nplares  ati- 

ier,  ii  aiwat/$  happens  in  the  quantities  specijkd  %  the 
w/ibimn{^  jrfoporiionaU* 

For    100  doltara   cau  be  bought  6  ounces  of  gold, 

12  ounces  of  platinum,  or  100  ounces  of  silver,  or 

ounces  of  mercury;   consequently,  6  ounces  of 

have  the  same  mereantile  value  us  12  ounces  oT 

la  tin  ami  of  100  ounces  of  gilvef^  &c.     The  same  priu* 

b  good  ill  chemistry*    350  ounces  of  iron,  4J:^9 

J  poCa»iiiurn,  or  12o0  ounex::s  of  mercury,  eom- 

ae  witll  100  outices  of  oxygen ;  aceordiBgly,  350 


( ouaeea  of  iion  have  the  same  cbemlcal  Talae  aa  489 

ounces  of  potassium,  or  1250  on  rices  of  mrrrury, 
Thj&  is  the  reason  why  these  numbers  are  likewa^o 
termed  equivalents  (from  wqum^  eqonl,  and  i^aloff 
value).  Thus,  by  one  equivalent  of  oxygen  h  to  Us 
understood  100  parts  of  it  by  weight;  by  one  equivalent 
of  iron,  350  pada  by  weigbt;  and  by  one  equivalent  of 
mereury,  1250  parts  by  weight,  ice. 

271.   The  same  law  of  tqmvalent  proportion  applies 

[also  to  iAe  chemical  cmiMmitiom  of  the  second  and  third 
onkr^  to  which  the  process  of  a  nentmlij^ation  of  a  base 
by  an  acidj  and  tl^ie  capacnty  of  eaturation  of  acids,  ro 

[ferred  (§200)«  When  the  basic  properties  of  a  baae^ 
and  aJso  the  acid  properties  of  an  acid,  liave  disappeared, 
then  these  two  bodies  have  united  with  eaeh  other 
in  precisely  those  qtiantitics  which  are  determined  l$if 
the  natural  htif?.     The  amount;  of  tliis  qnantiiy  for  caeb 

.body  may  easily  be  ascertained  by  adding  together  Uie 
Equivalent  numbers  of  their  component  part^ 
Chalk  is  carbonate  of  Jimo  (Ca  O*  C  6,). 

Limt  c<j(i*l8t«  of  C4Xfbonic  Acid  conibfj  of 

I  eq.  of  ciiidura  ^  250  I  <y].  of  nirtion  =    75 

■114  I  cq  of  oJn-^ca  ^100  ami  2  n|.  of  rr                 ujO 

Combining  niunbcr  of  Cu  O  =  aw  Ccmbmintt  immlicr  i..               _:$ 

That  is,  in  chalk  350  ounces*  of  lime  are  always  com* 

tbined  with  Ii7*5  ounces  of  earboaie  acid,  and  exactly  Ute 

same  proportion  must  be  used  in  tht*  artitieial  prepora* 

ion  of  chalk  from  its  conftUtuenta,      Tlie  combtiiiitg 

proportion,  or  eqiii\itleiit  number^  of  chalk  is  accoid- 

igly  =  625. 

If  we  wish  to  convert  ehalk  by  common  sulplittrie 

vr  (CaO,  Bt>)  -  It 

i  number  of  the  „  ...  [y 

«*  oqulvnJf*nt  of  nnhyrlmnA  *l^ 

wtUi  ODc  equ:  f  watcr*^ 


5 


OtfiHtCAl.    PROFDRTIOMEI* 


Hii  ecmitttacnli  of 


The  eonsiitttents  of 
wattT  are 

I  eq,  OXJgRU      =r  UK) 


Cooscquciitly,  the  combining  prDportion  of  cotnmoii 
stilplnmc  acid  is  012^.  Thb  quantity  just  suffices  to 
convert  tijc  above  obtained  625  ounces  of  chnlk  into 
siilphati^  of  linifi.  Hie  carbonic  acid  wliicli  thereby 
escapes  amounts  to  27S  ounces. 

Gypsum  combines  always  with  two  equivalents  of 
wattT  of  crystiilliziition ;  it^  consUtueuts  arc,  a>ti5c- 
qucntlyi — 

I  «Ki  ofCftO=    350 
I  cfj.ofSOj  =    500 

^Ht^lttfakBl  tuxmbtfr  of  ajBt  gjpsatu  —  1075  ^  CiiO,  SOt  +  SlIO. 

^H  If  yoa  beat  if,  the  water  ib  expelletli  and  there  re- 
"  mill  OS  for  calcined  or  anhydrous  gypsum  the  equiva- 
lent 850,  It  is  evident  that  water  enters  iJito  chemical 
combioationg  with  the  acid^,  bases,  or  salts,  not  as 
being  es.sentiul  to  their  coasUtudoD,  but  only  as  form- 
ing a  portion  of  them. 
i  Pn.*viouf§ly  to  the  discovery  of  this  law,  hardly  fifty 

years  ago,  it  could  only  be  ascertained  by  labonoi: 
triah  how  much  of  one  body  was  required  to  combir 
with  another,  or  to  replace  another;  it  h  now  only 
I  V   to  r*'fer  to  the  t^blc  of  the  propoHionid  or 

.,....^..nt  uumbcrs  to  ascertaiji  befbrchaml  the  quan- 
ty  to  be  employed. 

272.  MuUipfe  Proportmm.  —  Many  elements  have 
the  capacity  t)f  coniUiuing  with  three,  four,  five,  or 
even  more  proportions  of  oxygen,  eulpbuTi  chlorine^ 
A  :^    prodiieius^  the   diilercut   oxides,    sulphide?^ 

c.*<..,^^^,  flee.,  described  in  t^ectioa  1&4.     This  would 
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at  first  seem  to  be  inconsistent  with  the  law  that  bodies 
always  combine  with  each  other  in  fixed  proportions; 
but  on  more  mature  consideration  of  the  subject,  it  will 
be  obvious  that  no  inconsistency  exists,  and  that  these 
greater  or  less  quantities  are  not  promiscuously  com- 
pounded, but  that  they  are  likewise  combined  in  fixed 
and  invariable  proportions. 

If  we  ascend  a  hill,  it  is  at  our  own  option  to  take 
many  or  few,  long  or  short  steps,  since  the  incKna- 
tion  is  not  interrupted  by  perpendicular  acclivities; 
but  on  mounting  a  flight  of  stairs  or  a  ladder,  a  deter* 
minate  and  regular  number  of  steps  only  can  be  taken. 
In  like  manner,  bodies  which  combine  in  several  propor- 
tions with  another  body  do  so  in  different,  but  yet  in  in- 
variable quantities,  and  such  combinations  always  take 
place  in  ratios  of  1^-,  2,  2y,  3,  or  3^,  but  never  in  ratios 
of  Iv,  or  1|,  or  \\^  &c.  The  ascent  takes  place,  as  it 
were,  only  by  whole  or  half  steps ;  thus,  for  instance,— 

-      .        f  100  oz.  of  oxyecn,  carbonic  oxide  «=  C  O- 

75  oz.  of  carbon  j  ,^^  „  «  r        i  n  f\ 

150  "  "      oxalic  acid  sssCjOi 


-  .,       s  150  "  "      oxalic  aciu  s=5v;tu»» 

10rm,witii       j^2^  „  „      carbonic  acid  =COi. 

ri  00  oz.  of  oxygen,  nitrous  oxide  =  N  O. 

75  oz.  of  nitro-  J  200  "  "      nitric  oxide  =  NOi. 

gen  form,  with  I  300  "  "      nitrous  acid  =  NO, 

1^500  "  **      nitric  acid  =aNO». 

100  oz.  of  oxygen,  protoxide  of  manganese,    s=  Mb  O. 
150  "  **      scsquioxidc  of  man;;anc8e  =  Mot  Qs. 

200  "  "      hypcroxidc  of  manganese  =  Mn  Oi. 

300  "  "      manganic  acid  =MnOB. 

350  **  **      permanganic  acid  ss  Mds  Or. 

In  the  combinations  of  carbon,  the  ratio  of 
the  oxygen  is  as   .  .  •  .  •  1:11:2 

In  the  combinations  of  nitrogen,  the  ratio 
of  the  oxygen  is  as  .  -  .         1:2:3:6 

And  in  the  combinations  of  manganese, 
the  ratio  of  the  oxygen  is  as        •  l:li:2:3:3| 


375  oz.  manga- 
nese form,  with 
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It  is  obvious  that  thei^  tininbers  stand  in  a  very 
i  simple  ratio  to  each  other,  and  that  the  larger  numbers 
|«rc  a  multiph.'  of  tlie  iinalkr  namber;  this  is  expressed 
►  by  calling  it  Uie  law  of  multiple  praporiions* 

973*   GasecMis  bodies  alwat/s  combine  wUh  each  other  in 
teriain  volumes.     The  volume  of  the  gaseB  is  very  often 
I  less,  after  combiiiation^  than  the  siim  of  their  volumes 
in  their  separata  state. 


Examples, 

From  1  vol,  of  chloride  and  1  vol.  of  hydrogen  am 
I  formed  2  vob,  of  hydroehhiTic  acid  gas- 

From  2  vols,  of  hydrogen  and  1  vol  of  oxygen  are 
'  formed  2  vols*  of  aqaeoo^  vapor. 

From  3  voU,  of  hydrogen  and  1  vol-  of  nitrogen  MB 
formed  2  voU*  of  ammomaeal  gas. 

fwm  G  voU*  of  hydrogen  mid  1  voh  of  sulphnr  are 
led  6  vob»  of  Bulphurctted  hydrogen  gae. 
Thus  the  same  constancy  characterises  the  c^mbi- 
I  nations  by  vohinies  as  those  by  weight,  and  tliey  are 
marked  by  a  still  greater  siniplkuty.  And  if  it  were 
possible  to  convert  all  bodies  into  gases,  probably  a 
similar  simple  proportion  by  measure  or  volume  would 
be  observed  io  all  chemical  combinations* 

274*  Moms,  —  After  having  proved  by  a  vast  number 

rof  fact^j  the  result  of  the  most  laboriou?^  investigations^ 

that  chemical  comhinarions  always  tukc  place  accord- 

[ing  to  fixed  volumes  and  weights,  the  cause  of  this 

wonderful   immutability   is   snnght   for,      A   thinking 

man,  when  he  knows  thai  a  thing  happens,  and  how  it 

happens,  will  nhvays  inquire,   Whi^  is  it  thus,  and  not 

^otherwise?     This  question  t-oidd  not  be  solved  by  any 

effort  of  experiment  and  observation  ;  but  reflection  has 

enabled  us  to  arrive  at  an  idea  by  which  we  can  cx^ 

26  • 


4 


11^^^^ 


4 
4 

4 


k 


plain  TD  ourselves  this    regularity  and  unchanged 
nes3.      This  idea  has  received  the  uame  of  the 
theory .     It  is  as  follows; — 

1.)  Every  substance  is  composed  of  small  particlefli* 
which  lie  in  contact  with  each  others  and  are  called 
atoms;  between  tliese  atoms  there  are  jnterstioes  or 
pores.  In  light  bodies  the  atoms  are  more  remote  from 
each  other,  and  the  interstices  are  larger,  than  in  hea%y 
bodies.  When  substances  are  subjected  to  cold  or 
pressure,  the  atoms  approximate  more  closely,  and  the 
bodies  become  denser  and  specifically  heaiier,  while, 
if  heated,  the  atoms  separate  from  each  otherj  the  pores 
become  larger,  and  the  bodies  consequently  more  ex- 
panded and  specifically  lighter.  The  atoms  are  farthest 
distant  Jiom  each  other  in  gases  and  vapors;  in  steam, 
for  itistance,  they  are  1700  times  more  remote  than  in 
the  liquid  water,  since  the  former  occupies  170O  times 
more  space  than  the  latter. 

9.)   Simple    bodies    have    simple    atamSj   compound 
bodies  campoufid  atoms.     For  example,  — 


Oaktucn  t 


3*)  These  small  partlclesj  of  which  the  mass  of  a  body 
consists,  cannot  be  further  divided  into  yet  smaller  par- 
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tides.     Thus  id  etplairied  the  imm«^  atamms  (that  whic^^^ 
[cansioi  be  divided).  ^^| 

4*)  ITicy  are  so  tmali  that  they  can  oeitber  be  m^^^^i 
nor  coutiUfd,  €vcn  by  tneatts  of  the  most  powerful  mag- 
DiiyiDg-glaas ;  tiod  tliey  bave»  therefore,  otily  an  imagi- 

L)  When  a  solid  body  sepaiates  slowly  from  a  fluid, 
rite  aloms  have  time  to  airaiige  therasetves  beside  each 
other  in  a  defuiite  manner,  and  we  obtain  fegnlur  crys* 
\iah;  but  on  becoming  suddenly  solid,  an  irreg^hr  dls^ 
||)osition  of  the  atoms  takes  place,  and  the  body  ap|>eafs 
yumorpAmis  (vitreoiis*  or  pulverulent)* 

6.)  Tbc  position  of  the  atoms  towards  each  other 
maif  be  varieiL  Am  four  balls  may  be  put  ia  the  fol* 
lom-ijig  posittou0|  — 


[ooco  88  c§^  080800 

1 00  atoms  also  may  lie  beside  each  other,  arranged 
I  ^metimes  in  one  and  sometimes  in  another  manner 
Thus  is  explainetl  why  one  and  the  same  substance 
m<iy  oft^n  appear  ia  different  forms  of  erystaJJization) 
or  with  a  dJtIlTent  BtTnciur<%  consequently  in  two  dif- 
ferent states  (dimorphous),  Sulphur,  at-ordinary  tem- 
peratnreii,  erystallistua  from  ita  solutions  in  octahedrons; 
but  when  fufiedi  it  erjstallixes  on  cooling  in  oblique 
prisma  (§1  125,  12'J).  A  newly  forged  iron  axle  has  a 
librou5  texture,  but  after  being  used  for  some  time  Ita 
texture  becomea  granular. 

7.)  The  atocds  of  ditrerriit  bodies  have  ako  probably 
:  ft  different  size.      A  reguliir  swjuaje  may  be  conamicted 


\ 

I 
I 


oT  four  pe^i ; 


but  if  WIS  replace  one ' 


then  in  both  cases  the  regular  form  is  distaibcd  |  it 
mainsi  howeverj  tmchangedj  when  a  baU  of  lead  of  tl 


same  Bize  as  the  pea  is  substituted  far  it, 


though  the  i^quare  will  now  present  a  different  appear- 
ance. This  is  an  illustration  of  what  occurs  with  the 
atoms.  We  have  seen,  in  the  case  of  the  alums,  that 
the  potassa  may  be  replaced  by  soda  or  ammonia,  or 
the  alumina  by  sesquioxide  of  chromium  or  sesquioxide 
of  iron,  mthout  changing  the  form  of  tlie  crystals.  We 
therefore  conclude  that  potassa,  soda,  and  ammonia 
have  equally  large  atoms ;  they  are  isomorphous  (of  the 
same  shape);  the  same  applies  also  to  alumina,  and  to 
sesquioxide  of  chromium  and  of  iron.  If  we  see,  on 
the  contrary,  that  a  eliangc  takes  place  in  the  form  of 
the  crystals  when  wc  replace  one  body  by  another,  we 
thence  infer  that  there  is  an  unequal  size  of  the  atom^ 
in  these  bodies- 

8.)  The  isomeric  state  of  bodies  is  explained  very 
simply  by  the  atomic  theory.  The  most  manifold  and 
regular  grouping  may  be  produced  on  a  chess-board  by 
transpositioa  of  the  white  and  black  squares ;  for  in- 
stance, — 


Bach  figure  is  emnposed  of  eight  whitis  and  eight 
bhxck  eiqT3aic»j  but  though  the  absolute  nuiubei  ia  tiie 
samei  the  gronping  is  c}Hfer€iit  In  a,  one  and  anr,  in 
A,  two  and  two,  in  c  andrf,  fouf  and  four,  squares  are  so 
joined  togclher  as  to  present  a  ditlercnt  appeamnee*  If 
Wft  [ruagine  tbesn  squares  to  be  atoni^  we  obtain  an 
idea  of  iftoraeric  bodicsj  and  it  is  thos  rendered  clear 
how  thcne  may  be  bodies  of  the  same  constitution  and 
form,  yet  pfe^nting  an  entirely  different  appeamnoe, 
and  pos8es#ing  different  properties.  Those  exceedujgly 
di^tmilar  ^wdies,  caouteliouc  (gnm  elastic),  petroleum, 
and  ilhirninating  gas,  afford  a  striking  example  of  ex* 
trrnal  diffrrencc  utid  interior  coriromiity.  They  have 
the  same  constituents  (carbon  and  hydrogen)  both  in 
quality  and  quantity. 

9.)  The  atoms  of  the  different  bodies  must  finally 
poi^scss  also  wcigil,  and,  indeed,  very  different  degrees 
of  it  If  a  piece  of  ehalk%  containing  perhaps  a  million 
of  atoms,  has  a  fixed  weight,  so  also  must  the  smallest 
particle  of  it  possess  weight,  however  slight  it  may  be 
for  a  body  liaving  weight  can  never  be  formed  of  a 
body  having  no  weight*  Chalk  always  contains  350 
ounces  of  Umr,  and  *275  ounces  of  carbonic  acid*  If  a 
large  piece  of  chalk  has  this  constitution^  so  a  smaller 
piecci  even  the  minuteat  particle,  muiit  unite  ia  the 
same  proportions.  If  we  suppose  elialk  to  be  composed 
of  one  atom  of  lime,  and  one  aton>  of  carbonic  aeid,  we 
ascribe  to  the  atom  of  lime  a  weight  of  350,  and  to  the 
atom  of  carbonic  add  a  weight  of  275*  In  350  ounces 
^of  iirae  are  always?  contained  250  ounces  of  calcium 
^^Mid  100  ounces  of  oxygro;  this  combination^  also,  is  to 

■     gen  lu 
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always  contained  75  ounces  of  carbon  nnited  with  200 
ounces  of  oxygen ;  wherefore  75  is  to  be  regarded  as 
the  weight  of  an  atom  of  carbon,  and  200  as  that  of 
two  atoms  of  oxygen. 

The  numbers  are  exactly  the  same  as  those  ^ven  in 
the  list  of  proportional  or  equivalent  numbers.  Thus 
these  numbers  in  an  atomic  point  of  view  may  be  re- 
garded as  the  relative  weight  of  tlie  atoms ;  hence  the 
third  and  simplest  name  for  them,  atomic  weights. 


HEAVY    METALS. 

FIRST   GROUP   OF   THE   HEAVY  METALS. 

IRON,   FERRUM  (Fe). 
At.  Wt.  =  350.  —  Sp.  Gr.  =  7. 

275.  If  gold  is  called  the  king  of  metals,  iro7h  must 
be  deemed  by  far  the  most  important  and  useful  sub- 
ject in  the  metallic  realm.  Iron  was  formerly  regarded 
as  the  symbol  of  war,  and  received  the  name  of  Mars, 
and  the  symbol  $  ;  but  who  does  not  know  that  it  has 
now  attained  also  a  great,  an  indescribably  great  impor- 
tance in  the  peaceable  occupations  of  men  ?  It  is  not 
only  converted  into  swords  and  cannons,  but  into 
ploughshares  and  chisels,  and  into  a  thousand  other 
implements  and  machines,  from  the  simple  cofiee-mill 
to  the  wonderful  steam-engine.  It  is  the  ladder  upon 
which  the  arts  and  trades  have  mounted  to  such  an 
extraordinary  height       It   is  the  bridge  upon  IvUdl 

»  now  glide  over  mountains  and  Talleyi  vMk  ' 
idity  almost  of  magic  . . 


Puie  gold  id  foQad  an  die  snrfiife  of  the  earthy  ajid  tt 
U  only  necessaiy  to  Gree  H  liom  cailbjr  adnusticrcs  to 
obtaia  It  in  a  pore  mataltie  atatr;  Not  so  witk  mm. 
The  ore  in  whi^h  tbb  Iks  imbedded  mo^t  be  y^tjuuwd 
ti%ym  tlie  earth  by  skilfol  opemtionfti  and  its  oaqpgeii  ex- 
pelled by  ingcpiotis  metbodsi  and  by  exposnre  to  tbe 
hottest  fire^  in  oider  to  cooTert  it  into  metaDie  inKi; 
the  latter  most  agala  be  fased  aod  teSited  by  diflcmtt 
opcrntion.^  before  it  can  be  forged  and  wf4ded-  Gold  H 
pr<\^MUc^  to  men  by  iiattire  an  a  giflj  bat  imn  wmt  be 
struggled  for  by  the  most  laborjoos  toU*  by  exerlioo 
both  of  titt^  bocHly  and  nientnl  poweis.  Th^if  irofi  haa 
become  a  blr^^ing  to  those  con nttiea  whose  inhabitailts 
are  occnpied  with  tbe  mining  and  working  of  it;  fort  as 
history  teaches,  in  those  countries  arc  found  ibe  hltm- 
inga  attendant  on  labors  htmltlit  oontentmetit,  pio&per- 
^ty,  and  iutcllectnnl  cuhure,  in  a  far  greater  degree  than 

tliosf?  eoitntrietjt  where  gold  nbotinds  and  iodnatryla 
uegleetctl,     ** 

lu  another  respect,  also,  iron,  of  all  the  heavy  metals, 
^ppesirs  lo  be  the  mo  A  important  to  mankinds  It  b 
the  only  metal  which  is  not  itijnrions  to  the  health.  Urn 
only  metxil  which  forms  a  never-faiting  constitneni  of 
the  body,  especially  of  the  blood ;  the  only  metal,  finally^ 
which  is  found  everywhere  on  the  earth,  in  all  fftoaes 
and  soils,  and  in  almost  eTcryplnnt.  Although  wc  are 
■  ^nomnt  wherein  con&itfta  the  influcr  '  ti  it  exei^ 
^ses  upon  the  life  of  anima]s  and  i  t  lis  iml- 

rersol  dilTo.^ion   mu^nt  lead  ns  ta  eonrtndc  that  it  htt 

1  witli  an 

pOlBlMlJtfd 

Uy  comaioo  sait,  iime^  pfiosphocte  actd|  and  Bome  oHier 
abstanoei^ 
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Erperimtnis  triii  Iron  {tran  Orc}^ 

27$.  For  these  experiments  JUte  iron  /H^s  are  cm* 
^oyedi  such  as  are  kept  in  apotliecaries^  shops, 

E^erimeni  u.  —  Place  17|  grains  of  iron  filiJigs 
,  piece  of  charcoal^  and  heat  it  fof  H>fii€  minutes  in 
Jame  of  the  blow-pipe,  dirt^ctM  upon  one  spat ;  it  be- 
led-hot,  and  the  heat  aprrads  tbroughont  tba 
^1i0l#  mass,  as  is  apparent  from  the  irideseent  tintS| 

which  precede  the  red 
heat  The  iron  on  oool- 
ing  acquired  a  darker,  al* 
most  a  black  color,  and 
bakes  into  a  cohercal 
mass  weighing  about 
18|  gmins.  ThoB,  ITJ 
grains  have  combined 
with  H  grains  of  oxy* 
gen.  If  fOM  tnnltiply 
thei^enumli  '.you 

bbtaln  350  grains  of  iron  (1  atom )^  and  ,^  ^...nidof 
oxygen  {\  atom),  or  four  atoms  of  ifon  to  one  atom  of 
itygen,  Thia  body  may  be  termed  suboxide  of  iron. 
the  protoxide  of  iron,  one  atom  of  iron  (350)  nlways 
jmbines  with  one  atom  of  oxygen  (100);  consequently 
the  }«ubo?£idc  may  be  r^^arded  aa  a  mixtnm  of  on 
^tom  of  protoxide  of  iron  and  three  atomjs  of  met 
ron. 

Exj}erimeni  J^.^^  Subject  again  the  above  ma»  to  a 
ed  lieut^  for  a  longer  period,  in  ll»e  b]ow*pip«%  flame, 
coiitinnes  to  increase  in  weight  until  it  has  finally 
kaioed  from  six  to  seven  grains,     I  ? 

conibination  n^^  wa*  produced  ' 

oxygeuj  and  in  the  forging  anu 


mmdji  the  wefl^kao^nii  mm  cmderw. 

tiire  or  pmiozide  and  sesquitrnd^  of  imp.    Tht  pro^ 

toxide  (FeO)  emifioi  be  prepaiwl  in  m  |idki  ^tale  lijr 

ihta  methodi  &a  sesqajaxUe  is  alwajs  mmiltaiieoadj 

formed ;  hut  rrom  the  colof  of  the  woboadim  and  of  %hm 

bjaclc  oxidcy  it  may  be  infeffed  tbu  it  has  &  Wmek  rokm. 

We  perceive  this  color,  aUc,  in  aU  tboM-  tocks  mMA 

contain  pcotaxide  of  inm^  grtictally  in 

wiUi  aiUeic  add     Alinoet  all  bbdc  and  greea 

for  inslatic^,  bcualt,  dny-slatr,  gnsenxtom^  copratioe^ 

S£€^  owe  ibeir  color  to  protoxide  of  iron. 

All  iriHi  ore,  which  bus  the  same eoostttittioD  and iho 
same  black  color  as  iroti  cinders,  occnis  abondajidy  in 
mnny  plao^s.  It  ts  cmllcd  magiifiic  mde  of  tr0«i,aad  m 
jiot  only  attiac^tiiblc  by  the  magnet, bnt  is  Itself  EhciiAse 
magnrtic  A  small  magnet  may  be  |)irc{>aicd  by  phciiig 
a  piece  of  magnetic  mm  ore  (loadslooe)  between  two 
Todfl  of  iron,  when  t\m  magnetic  fonrc  paans  from  the 
^totie  ittto  the  iron.  The  celebrated  Swedish  iron  is 
mostly  ohtaJncd  from  thb  variety  of  jjt>a  ore* 

Experimeni  e. —  Iron  doilrr^^  lahen  espoied  far  n 
ton^  time  to  the  exterior  or  oxidUljig  Mow^pe  ^meii 
become  covered  with  a  red  pnlveralrat  eoattng;  tbcy 
take  yet  mort'  oxygen  from  the  air,  and  boeome  sesyrf 
azide  of  inyii  ( Fc^  O,), 

Erpcrimeni  d, — ^The  sci»muuiiidc  of  Iron  may  be  pre* 
parrd  tnorc  easily  in  the  folhnvjiig  manner*     Ptaoa  a 
crystal  of  green  vitriol  upon  diarcosL  and  heat  it  until 
it  hflui  hi-cnrnc  of  fi  bn*  The  water 

and  siiJphuxic  acid  cscajjL,  „._    :,. .  , .    laxlde  of  tnm 
{Fo  O)  remaining  behind  absorbs  one  balf  as  mnch 
agntn  n^  I  into  sesqoioindit 

ftf^rr-M  i'y  .......  ,..  :be  lattrr  is  mofo 

i  lit  by  nibbing  It  on  paper  with  tba 

:J7 


1 


d 


314  HEAVY   METALS. 

naiL  In  the  same  manner,  sesqoioxide  of  iron  remains 
betiind  when  green  vitriol  is  heated  in  the  preparation 
of  oil  of  vitriol ;  this  fonns  an  article  of  commerce  under 
the  name  of  caput  morimtm,  English  or  polishing  rouge, 
and  is  a  favorite  and  cheap  pigment  for  varnish,  and  is 
also  used  in  the  polishing  of  glass  and  metals. 

Sesquioxide  of  iron  occurs  native  in  many  places 
of  the  earth,  sometimes  crystallized,  as  in  iron-glance; 
sometimes  compact,  as  in  red  iron-stone ;  or  radiated, 
as  in  red  hematite;  or  earthy,  as  in  red  ochre.  It  is 
often  also  mixed  with  clay,  and  is  then  called  cUuf  iron* 
stone.  The  coloring  matter  of  red  stones  or  earths  is 
owing  to  the  presence  of  sesquioxide  of  iron.  Many  of 
the  above-named  bodies  form  immense  beds  in  the  in- 
terior of  the  earth,  and  are  used  as  valuable  ores  {spec* 
ular  iron)  for  the  manufacture  of  iron. 

Krperiment  e.  —  Introduce  some  iron  filings  into  a 
tumbler,  and  fill  it  with  spring-water;  the  iron  will 
gradually  lose  its  lustre,  and  assume  a  black  color ;  it 
is  converted  into  magnetic  oxide  of  iron.  Repeat  this 
experiment  with  water  that  has  been  boiled ;  in  this, 
the  iron  will  retain  its  metallic  lustre.  The  cause  of 
this  difference  is  owing  to  the  air  and  carbonic  acid, 
which  are  present  in  all  spring-water,  and  slowly  ox- 
idize the  iron.  These  gases  are  expelled  by  boiling, 
therefore  no  oxidation  takes  place  in  water  that  has 
been  boiled. 

Experiment  /.  —  If  you  now  pour  off  the  water,  so 
that  the  iron  comes  in  contact  also  with  the  air,  ruU 
begins  to  form  upon  it  The  iron  absorbs  so  much  ox- 
ygen that  it  becomes  a  sesquioxide ;  it  also  absorbs  a 
definite  quantity  of  water  (3  atoms),  which  may  be  ie» 
garded  as  the  cause  of  the  yellow  color  of  mst 
fere hydrated ses*        '**  qfur  1 


tWIlK. 


[If  jon  keep  ihe  iron  mmst^  and  «tir  it  ronsd  «!i 
iiefs  every  clay,  it  will,  after  a  ttmei  beeompkieif  i 
flrrrtcil  into  rusL 

This  comblnaliao  frequently  oeem  alsa  is 

is  iii»ed  as  an  cicooJkoi  iron  ore,  under  tbr  mmax  of 

rjt  iron  ore.     When  mlxAd  wtth  day  h  is 

frr//f«i;  f/ay  iron^stonE^  yeUow  odkrt^  Icew    Tbe 

|i»rown  ealor  which  we  9ee  in  so  msay 

they  are  exposed  to  the  air,  the  yeUow  or  Ihowb  oolor 

[>f  the  soil,  loanif  or  sand,  alvrays  prooeeda  from  Ike  fay* 

iled  aeBquloxicle  of  iron.     The  wratiirring  of  UMk 

'\  .  of  stone  to  a  bmwn  atntmn,  and  finally  to  m 

imble  6oi],  will  no^  no  longer  appear  fitraage; 

tlie  black  protoxide  of  iroii  coiitaioed  in  tiiem  ia  ^ad- 

[nufly  ojudizad  into  a  yeUow  bydiated  aeaqoioxide  of 

I  iron. 

Kjcpmmeni  g^. — ^Put  a  small  quantity  ^f  the  mag- 
netjc  oxide  of  iron  obtained  at  fr,  or  some  ma  fifiii^^ 
ata  a  phial ;  fill  tbe  latter  with  artafictal  SdtaeF^awtfl; 
ind  let  it  staiKl,  well  stopped  op,  for  one  day.  Tbe 
H]itc  (lakes  which  deposit  am  the  bottom  of  the  ptnal 
lam  carbonaie  €if  lAe  protoxide  of  irmk  formed  from 
lie  protoxide  of  iron  of  the  iron  cinden,  and  from  tbe 

'  '"-r-watcr-     Tbe  chemieaQy 
i  ^  eommnaicatea  a  white 

color  to  the  black  protoxido  of  iron.    Tbe  elear  liquid 
me  of  the  carbot^  *  '        liiaolalioni 

nrn  the  Mcjf  iaslr   ^  u  aotatioaa 

of  iron.    It  id  then  to  be  pomed  into  a  imnbhsr,  and  left 
tfor  foni'  \po«cd  to  tbe  ain     In  {tniportion  as  tbe 

cart  .d  escapes,  the  surface  is  eorered  with  a 

lie  white  pellicle^  the  color  of  which  gnuloally 
itaydlow,  titen  M-,  finally,  this 

a  yello  *r,  and  (alls  aa_ 


w 


st  to  the  bottom.  Protoxide  of  iron  allracts  oxyg^en 
with  g^rcal  avidity^  ami  is  conveHed  into  viag-neiic  axide 
of  ironj  and  fuiuU^  into  hydrated  sesquioxide  of  iron. 
The  salts  of  protoxide  of  iron  act  also  in  tlie  same  man- 
ner; thia  is  the  reason  of  their  becoming  yellow  by  long 
keeping,  or  by  exposure  to  the  air*  A  very  thin  iK?llicle 
of  magnetic  oxide  of  iron  give^  a  yellow  reflection ;  a 
thicker  pellicle,  a  red  or  brown,  and  a  still  thicker  one, 
a  tiolet  and  blue  a^fleetiou;  thia  explauts  the  iridescent 
changes  of  color  presenting  snch  a  beautiful  appearance 
on  the  surface  of  standing  waters-  In  those  places 
where  spring- waters  jlow  over  stones  eontainlng  iron, 
natural  solutions  of  carbonate  of  iron  {thaii^beaie 
waters)  firequenUy  occur,  which  arc  likewise  deeom* 
posed  by  the  air.  This  decomposition  of  tlie  carbonate 
of  iron  13  the  source  of  the  brown  mud  which  i^  de- 
posited in  large  quantities  from  some  waters.  By  the 
accumulation  of  this  mud,  large  beds  of  hydra  ted  ses* 
qutoxide  of  iron  are  formed^  known  under  the  name 
of  bog-iron  ore^  and  from  which  iron  is  worked.  This^ 
ore  usually  contains  also  some  phosphoric  acid* 

The  carbonate  of  protoxide  of  iron  is  found  in  many 
countries  in  the  form  of  a  light  gray  massive  stone,  and 
in  such  large  quantities  that  iron  m  obtained  from  it^ 
The  famous  Styrian  steel  \%  prinel pally  prepared  from 
this  ore,  which  is  called  spathic  iron  ore,  or  spherosid* 
erite*  Mixed  with  clay,  it  very  frequently  occurs  asscN 
eiated  wnth  pit-coal,  and  it  is  from  this  ore  that  mo®t  of 
the  English  iron  is  obtained* 

277i  In  attending  to  the  combinations  which  iron 
yields  with  oxygen,  we  have  also  become  acquainted 
with  the  most  important  iron  ores  from  winch  iron  is 
prepared  on  a  large  scale.     They  are  the  following: — 

Fe  O  4-  Fe^  Oj,  or  magnetic  iron  ore. 


IRON, 


Fc  O,  C  On  or  spathic  iron  (clay  iion-stone,  sphe- 
roaideribe). 
Fc,  Oi,  or  specular  iron  (re  J  liematik%  irnn-glanccj  Sec.)* 
Fe,  0#  +  3  H  O,  or  browri  iron  one  (yellow  iron-stone, 
[yellow  ochre,  &€.), 

CasUlmn^  Bar^lmn^  and  SleeL 

278L  Workiitg-  of  irmk  —  In  order  to  extract  meUllic 
yn  from  the  ores  just  mentioned,  they  must  be  de- 
ivcd  of  their  oxygen-     Thh  h  generally  done  by  ex- 
og  them  with  charcoal  to  a  red  heat     As  a  general 
jle,  a  mixture  of  several  kinds  of  ore  is  used  for  smelt- 
[ig^  because  experience  has  taught  that  this  process  is 
ttheti  conducted  more  easily  and  more  completely  than 
ll^^heii  only  one  kind  of  iron  ore  is  employed*     The  ores, 
?contsijiiing  carbonic  acid,  water,,  or  sulphur,  mu&t  pre- 
vlooaly  be  heated  in  appropriate  furnaces  to  expel  these 
L  volatile  gases  {roa.siing-  of  the  ares).     It  mu^t  also  be 
I  borne  in  mind  that  the  iron  ores  are  never  pure,  but 
Iways  contain  foreign  ingredients  (gnnffues);  for  in- 
loe,  silicai  elay,  Iinie,   mnjiganesie,  phosphorus,  &:c- 
ISiHca  especially  forms  a  prmcipal  ijigredicnt  in  iron 
ores.     This  docs  not  melt  even  when  exposed  to  the 
tiottest  fnraace»fire;  and  yet  it  must  be  melted,  that 
(the  iron  may  ilow  from  the  ore?,  and  be  obtained  as  a 
>hereiit  masa.     TWb  m  ellected  by  the  addition  of  a 
II8€,  e^immonly  '  <h  the  .nilicic  add  will 

[combine.     A  lin.   -  d,  and  if  loam  or  day 

be  pfesent  abo  an  alumina-glnsSf  hotli  of  wludi,  when 
bined,  melt  more  readily  than  eaeh  sepamiely,  and 
off  OS  ihg>     The  subj^tance  which   forma  this 
liblis  eompoand  ia  termed  the  Jinx;  and  the  cotnU* 
lation  of  Ibe  prcpu  '    \  i«  called  the 

«rt\     Alternalc  %  and  of  wooA*^ 
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ehafDoal  or  of  coke  are  uow  tlirowis  iJito  a  large  ftinimce, 
called  the  blmt-furnme^  constructed  as  shown  in  the 
apnered  figure. 

Pig.  lilL 


I> 
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\\ 
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The  portioii  a  of  the  blast-furnace  is  callc'd  the  fkujf 
h  is  the  basheSf  e  h  the  erucihie  part,  arid  e  h  iht  henrlA, 
Thr  nimith  of  the  furnace  eerves  both  for  vhr. 
matmiiJft  and  for  the  €*cap<?  of  the  smoke;  ..  .      ..,.4 
both  a  door  ami  n  chimney.     In  the  iipfwr  piwtifiii  nf 
the  i^hafi  the  mixtarp  is  hrated  to  f  r  is  i^oa^t* 

rd);  during  tbi«  proc€^«  the  <!artKi"iir  !..•  1;.*^*. 

stone  abc»  4*scap€s,     Farthor  d<' 
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ooRsnnied,  on  nocrss  of  nir»  into  ^rbonlc  add,  and  00- 
f  enBioiiii  the  bright  flame  whii^lj  issues  from  the  top. 
In  the  boshes,  where  the  greatest  beat  is  evolved,  the 

n?duced  iron  m<*lt^  and  falk  in  drops  upon  the  hearth, 
I  together  with  the  ailiea,  lime,  and  clay ;  these  form  a 
Lalagf  whieh  floaU  on  the  molten  iron,  and  is  drawn  off 
Fmt  t  Th(?  niL  htfd  iron  is  suffered  to  flow  off  from  time 
ko  time,  by  asm  nil  opening  made  in  the  aide*\vaU  of  the 
'heuHlu  After  having  heated  to  a  hundred  degrees  or 
I  more  the  air  neceftsary  for  burDing  ihc  charcoal  or  coke, 
is  foK^d  ot  (i,  by  means  of  large!  belbwe^  or  otlier 
l^ind  ajrjifirfttm^  into  the  fnrnaee,  in  which  a  hetit  of 
I  perhaps  1200^  or  1400-*  C^  may  be  prodaced.  In  pro* 
rportton  as  the  melted  ijon  and  the  *lag   are  femcnred 

from  beneath,  fresh  charges  oC  ore,  lime,  and  eh«loo«l 

arc  introduced  at   the   top,  and  in   this  mantier  flie 
I  fimelting  often  continaes  unintermptedly  for  five  or  &ix 

year«,  acc5ordi ng  as  the  fnrnace  holds  ooL 


I 


mux, 

Vwl        jCiirboii, 


lOxv^en  -f- 


The  slag  from  the  blast  fomaees   has  gsnesmDy  a 

or  btae  color,  owing  to  the  protosidaft  oC  mm 

of  matig^ineiie   lliere    dissolved  ill  iL     It  it  lie* 

formcil  iBto  pquare  blocks^  and  i^ed  Ux  build* 

979.  Ckist  or  Cmde  Jnfn, —  The  metal  obtained  bf 

fbo  abore   proceita  10  by  no  meaiw  pore  ifoo,  bsi  a 

B^Mrmical   mlttuit:  of  ifoo  and  carboiu     A 

weight  of  iron  lakei  up,  at  the  hottest  white  beat,  i 

lt»oi  >    ^  U  of  carbaOt  and  Ukevitfa  ( 
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day,  and  sometimes  also  q  trace  of  sulphur,  plbtm^ 
phorus,  arsenic,  &Cj  when  these  were  cotitaxued  in  the 
iron  ore,  Cast-iran,  iliiu  QblainQd,  Is  cUaracterijccd  by 
the  foUowing  properties, 

a.)  It  is  fmikie  at  a  glowing  white  heat  (wroogUt- 
iron  and  pure  iron  are  not);  therefore  it  h  especitilly 
adapted  tor  those  iron  articles  which  are  made  by  cast- 
ing, For  remelting  iron  on  a  small  sc^e,  graphite; 
crvicibles  are  made  use  of,  but  on  a  large  scale  shatt- 
furnaccs  {Si-hachlqfen),  or  the  eo-caUcd  cupola-furnacca. 

6-)  Cast-iron  is  britttey  and  can  neiiher  be  forged  nor 
welded  (bar-iron  and  sreel  may  be  bent,  IVn  '  ad 
welded).     The  applicatioti  of  cast-iron  iriiisr,  .  <'^ 

be  limited  to  the  manufacture  of  such  artidas  as  ai* 
not  exposed  to  being  beatj  or  to  strong  en,  ns. 

Very  recently,  however,  a  method  has  been  f;  d 

for  imparting  to  cast4ron  a  certain  degree  of  flexibilityt 
and  even  of  malleuhility,  by  exposing  it  for  sevcrai 
days  wit-h  iron  scales  or  sptitliie  iron  tu  a  red  heat. 
The  term  malhabte  cast-iron  (fonte  malleable)  baa 
been  given  to  this  kind  of  iron* 

There  are  two  kifuiit  of  cast-iro^  m  commerce,  known 
us  gray  and  white  iron.  The  gray  iron  is  almost  black, 
lias  a  granular  texture,  aiicl  lulinits  of  being  filed,  bored, 
&c,;  the  white  ifOUy  on  tlu;  contrary,  is  of  a  sUvery 
whiteness,  poasesaed  a  kmellar-crystalline  texture,  and 
is  BO  hard  as  not  to  be  acted  upon  by  steel  instruments* 
Crude  whitii  iron,  by  remelting  and  vt  ry  slow  eoulittg, 
is  ohatiged  to  gray;  on  the  other  hand,  the  gray  ia 
chajiged  to  white  iron  by  hi  ing  heated  and  .^luddeidy 
ooolod.  Gray  iron  is  best  adapttfd  fur  eaeitingsj  wbite 
iron  13  the  most  suitable  fc^r  the  manufacture  of  bar 
[in  and  ffteel 

280*  Aluikubk  or  Bar  Jmn —  Cafit*iion,  by  fidog 
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bon  with  the  iron,  as  in  cast-iron,  which  destroys  these 
two  properties  of  softness  and  tenacity. 

281.  Refinery  of  Iron.  —  1.  Finery  Proce$B. —  The 
method  which  is  employed  for  separating  carbon  from 
the  cast-iron  is  very  simple.  The  carbon  is  burnt  out 
by  heating  the  iron  to  fusion,  and  constantly  stirring  it 
while  exposed  to  a  cm-rent  of  air,  the  oxygen  of  which 
combines  with  the  carbon,  forming  carbonic  oxide  gas. 
Daring  the  operation,  a  considerable  portion  of  the  iron 
(one  qaartcr)  is  converted  by  oxidation  into  iron  cin- 
ders, which  fase  with  the  sand,  that  either  adheres  to  the 
cast-iron,  or  is  pmrposely  strewed  upon  the  hearth,  and 
form  with  it  a  heavy  black  slag  of  silicate  of  magnetic 
oxide  of  iron.  The  iron  mass  becomes  gradually  more 
tenacious,  since  the  iron  melts  so  much  the  more  diffi* 
cultiy  the  less  carbon  it  contains ;  and  finally,  in  the 
form  of  a  loosely  coherent  mass  (the  bloom)  is  placed 
under  a  loaded  hammer,  by  a  few  blows  of  which  the 
remaining  slag  is  pressed  out,  and  the  iron  particles  are 
formed  into  a  compact  mass.  The  latter  is  afterwards 
usually  hammered  or  rolled  into  bars  or  bands.  This 
method  of  converting  brittle  cast-iron  into  ductile  and 
malleable  iron  is  called  the  finery  process.  The  object 
of  the  refinery  is,  as  has  just  been  shown,  to  separate  the 
carbon  from  the  irotu  The  annexed  scheme  serves  to 
render  the  process  more  intelligible. 

Carbon. 
Oxygen. 


Cwt  Iron, 

Air, 

Sand, 

Iron  1, 

Ironl, 

Frodacts, 

Wrought  Iron, 

Slug, 

Carbonic  Oxide. 


2.  Puddling  Process,  —  For  the  refining  or  decarbon- 
izing of  larger  quantities  of  iron,  the  reverberatory  fm^ 
naces  are  used,  similar  to  those  employed  in  the  prep- 
aration of  soda  (§  220).    As  in  these  furnaces  the  ; 


does  not  come  in  contact 
with  the  iron  itself,  a 
cheaper  fuel  than  chaj* 
coal  may  be  made  use 
of,  for  in  stance  J  pit-coal 
or  turf,  the  aslics  of 
which,  if  mixed  with 
^the  iron,  woidd  certainly 
spoil  it  These  are  call- 
edpuMiifi^/uniaces^  be- 
cause the  iron  mast  be 
kept  constantly  stirred 
{puddled). 

S82*  SleeL —  Steel  holds  a  middle  place  between  cast 
and  MTonght  iron,  both  as  to  the  quantity  of  carbon  it 
contains,  and  other  properties. 

a*)  If  quenched  when  heated  to  rednesSj  it  is  ren* 
dered  hard  and  brittle  (like  caist-iron)  \  if  cooled  some 
what  more  slowly^  it  is  rendered  elastic^  and  if  cooled 
very  slowly^  it  is  soft,  ductile^  and  malleable  (like  bar- 
iron). 

b.)  It  is  less  fusible  than  cast-iron,  and  more  so  than 
bar-iron* 

r.)  It  contains,  in  every  hundred-weight,  from  two  to 
two  ajid  a  half  pounds  of  carbon. 

To  these  properties  steel  owes  its  importance  as 
a  material  for  thousaitds  of  articles,  especially  for  cut- 
ting instruments,  since  it  may  be  made  soft  oj  hard^ 
clastic  or  brittle,  at  pleasure.  The  article  manufactured 
is  usually  first  heated  to  redness,  then  suddenly  cooled 
by  quenching  it  in  water,  and  afterwards  tempered  in 
order  to  diminish  its  hardness  and  brittle ness. 

Experiment. —  Hold  a  steel  knitting-needle  in  the 
flame  of  a  spirit-lamp  till  it  is  red-hot,  and  then  quickly 
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plunge  it  in  cold  water;  it  thereby  becomes  so  brittle 
as  to  break  on  any  attempt  to  bend  it  Again  hold 
e  needle  in  the  fire,  and  observe  the  changes  of  color 
hieh  it  passes  through;  it  will  fir^t  become  yellow, 
hen  omiige,  crimson,  %*iolet,  blue,  and  finally  dark -gray. 
The  cause  of  this  change  of  color  is  the  same  aa  tluit 
of  the  ferruginous  water  (^  276),  namely,  a  film  of  oxide 
rms  upon  the  steely  at  first  the  film  is  iJiin^  and  hafl 
ydhw  appearancCj  but  gmdually  it  becomes  tblckcr 
d  also  darkerj  as  the  heat  increases.  The  final  result 
—  the  dark  gray  coating  —  is  iron  scales.  On  the 
standing  of  the  ferraginous  water  in  the  air^  the  oxida- 
tion  advanced  (§27G)  a  step  further;  in  that  case,  die 
final  result  was  a  brown  substance,  ^ —  hydrated  scsqui- 
oxide  of  iron*  A  definite  degree  of  hanbiess  and  elas* 
ticity  of  the  steel  corresponds  to  each  of  these  tints,  the 
needle  when  covered  with  the  yellow  film  being  the 
hardest  and  most  brittle,  and  when  prt^f^enting  a  blue 
aspect  being  in  its  sofiet^t  and  most  eliistic  condition* 
The  workmen  in  steel  impart  to  their  articles  various 
grces  of  hardness  and  elasticity  by  tempering;  file 
d  ra^Eors  are  made  very  hard  and  brittJe^  —  aa\! 
watch-springs,  &c.j  soft  and  elastic 
283.  Steel  may  be  prepared  in  various  ways :  — 
L)  By  partJy  refining  ca*t-iron|  so  that  ottJy  one  half 
of  the  carbon  is  burnt  out  {crude  sttd) ;  or 

2.)  By  the  proces!*  of  cementation^  wtiii  n  v^  i 

in£j  an   iron  box  with  bar-iron  and  powd*  ■ 
i^  and  then  maintiiltiing  the  whole  for  »everul  dayt 
a  red  heat.     The  etirbon  graduallv  ^ 

iron,  thus  converting  it  into  nU-vl  ( 
Bolh  thcue  kinds  of  steel  niui«t  be  render^  njofu 
her  by  n        ^  '  '■  ■       ^    '  "     '     ' 

ill  rcdjj 


Steel  may  be  ornamented  by  conroding  its  polished 
surface  with  acids,  whereby  a  variety  of  light  and 
dark  colored  shades  and  impressions  will  be  pro- 
duced* 

From  the  constituents  of  bar  and  cast  iron  it  may  be 
inferred  that  steel  can  be  made  by  an  intimate  combi- 
nation in  equal  proportions  of  those  two  substajices. 
In  this  manner,  indeed,  the  exterior  surface  of  wrought- 
iron  articles  —  asj  for  instance,  of  agricultiirai  imple- 
ments, chains,  &c,  —  can  easily  be  converted  into  steel, 
by  being  heated  in  melted  cast-iron.  This  object*  may 
be  attmned  more  easily  by  strewing  ferrocyanide  of  po- 
tassium over  the  hot  iron  (§  292)* 

Iron,  nickelj  and  cobalt  are  the  only  metals  which 
are  attracted  by  the  mag-neL  Magnetism  immediately 
vanishes  from  bar-iron  when  it  is  removed  from  the 
magnet ;  while  steel,  on  the  contrary,  retains  its  mag- 
netic power,  and  does  not  lose  it  until  heated  to  red- 
ness {steel  niagnei)*  The  magnetic  oxide  of  iron  is 
likewise  attracted  by  the  magnet,  owing  to  the  protox- 
ide contained  in  it^  but  the  sesquioxide  of  iron  is  not 
so  attracted- 

Salts  of  Iron. 
284.  The  protoxide  and  sesquioxide  of  iron  form 
salts  with  acids  ;  we  have,  accordingly,  two  series  of 
iron  salts :  —  a)  the  salts  of  protoxide  of  iron  are  gen- 
erally green,  and  consist  of  one  atom  of  protoxide  of 
iroD^  and  one  atom  of  acid ;  b)  the  salts  of  sesquioxide 
of  iron  are  usually  of  a  yeUowish-brown  color,  and  con- 
sist of  one  atom  of  oxide  and  an  atom  and  a  half  of 
add  (or  3  :  3). 

Iron  and  Acids n 
It  has  already  been  mentioned  (§  173)  that  many 
28 
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metals  dissolve  only  in  diluted  acids,  others  only  in 
concentrated  acids,  and  that  the  former  lake  i\m  oxy- 
gen requisite  for  their  oxidation  from  the  water,  while 
the  latter  take  it  from  the  acids.  Iron,  together  wjlh 
manganese,  zinc,  cobalt,  nickel,  and  tin,  belongs  to  the 
fimt-named  class  of  metals,  which  ore  called  waier^dt* 
composing"  or  eleciro-podlive  metals*  The  mere  eircnm- 
fitancej  that  in  the  presence  of  an  acid  they  are  able  to 
abstract  oxygen  from  the  water,  leads  to  the  siipposi^ 
tion  that  they  are  mme  poteerfui  chemical  bodies  iba 
those  Tnetals  which  cannot  do  this.  This  snppositioti 
in  reality  confirmed  J  the  electro-positive  metals  erinee 
a  far  greater  affinity  for  oxygpn,  siilyjhnr,  chl«f-  , 

and  their  oxides  a  much  greater  a  trinity  for  u  i, 

than  is  exhibited  by  the  other  metals  and  tlieir  oxides. 
It  may  be  well  in  this  place  to  remind  the  student  that 
a  solution  of  a  metal  di>es  not  eontaixi  a  metuJ  us  sacbi 
but  always  a  metallic  salt  in  solution  (§  160)* 

285*  Green  Tiitio!^  or  Suiphaie  of  Proiazitk  of  Inm 
{FeO,SO.  +  6nO). 

This  salt,  which  is  always  formed  when  iron  is  dis- 
solved in  diluted  sulphuric  acid,  is  often  called  green 
ritriol,  on  account  of  its  pale^grcen  color.  By  slowly 
evaporating  the  solution,  the  salt  may  easily  be  ob- 
tained in  oblique  rhombuidal  prisms;  these  cry^^'*T« 
contain  nearly  one  half  their  weight  of  water  of  . 
talUzation. 

ExperimefU.  —  Dissolve   100  grains   of   blue  vitriol 

(§  175)  in  an  otince  of  water,  and  Introdtii!e  intu  tlio 

solution  a  piece  of  polished  iron,  which  hu 

ously  weighed  ;  the  blue  color  will  gmduail ,  . 

I  tjptN^n,  while  the  iron  is  covered  with  a  ted  e 

».     The  stronger  iron  takes  from  the  ct  , 


combiiieii 

them;  32  grains  of  me- 
tallic copper  are  de- 
posited, wliile  full  S8 
grains  of  iron  have  been 
dissolved.  But  32  is  to 
28  nearly  as  396  {the 
tomic  weight  of  copper)  is  to  350  (the  atomic 
twcight  of  iron) ;  accordingly,  one  atom  of  copper  is  re* 
placed  by  one  atom  of  iroUi  This  process  is  called  the 
reduction  of  a  metal  bt/  the  moist  watf.  The  supcuiatant 
liquor  contains  in  solution  no  longer  any  copper,  but 
only  green  vitriol^  which  may  be  crystallised  by  evap 
oration.  Thus  is  explained  the  inappropriate  name  of 
copperas^  very  commonly  applied  to  sulphate  of  iron. 


Experimenls  ttnth  Green  VilrioL 

JE^i^perimenl  a,  —  Let  a  solation  of  green  vitriol  stand 

for  some  time  in  the  air;  it  will  gradually  assume  a  yel- 

lo^\ish  color,  and  a  brownish-yellow  substance,  hydra t- 

ed  sesquioxide  of  iron,  is  deposited*     All  the  other  salts 

*of  protoxide  of  iron  do  the  same ;  namely,  thep  allracl 

wxygen  from  the  air,  and  are  gradually  converted  into 

itts  of  sesquioxide  of  iron.     Bat  the  acid  present  is 

^Bot  sufficient  to  dissolve  aJl  the  oxide,  as  this  has  a 

reater  capacity  for  saturation^  that  is,  requires  more 

icid  for  its  solation  than  the  protoxide  of  iron  does ; 

^therefore,  a  portion  of  tlie  oxide  formed  falls  to  the  bot- 

Hom.     For  the  same  reason^  a  sesquiozide  or  peroxide  ai* 

wai/s  separates  from  tli^  protoxide  salts  of  tfie  other  met- 

^uiSf  when  thef  are  converted  into  higher  oxide  salts*     A 

Icar  solution  may  be  obtained,  by  adding  a  sulEcient 

aantity  of  acid  to  diiisolve  the  precipitated  oxide* 

Experiment  b*  —  Boil  half  an  ounce  of  green  vitriol 


I 
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with  an  ounce  and  a  half  of  wmtc?  and  one  dmm  of 
^alphuric  acid,  in  a  porcelain  bowl,  and  add  a  few  dropa 
of  nitric  acid  to  the  solutionj  until  ttie  color  of  it  b  *  < 
changed  to  yellow  j  it  now  contaiuji  snlp&ulc  o/s€M^* 
oxide  of  imn  in  solatiou,  wlilch  must  l>e  kept  for  use 
The  same  effect^  iianicly,  the  conversion  of  the  protox- 
ide into  sesquioxide  of  iron,  h  thus  quickly  prodaced 
by  the  oxygen  of  the  nitric  add,  which  in  the  former 
experiment  was  only  dowhj  caused  by  the  action  of  the 
air.  Three  atoms  of  oxygen  are  withdrawn  from  the 
nitric  acid,  and,  accordingly^  nitric  oxide  is  produced 
(§  162) J  which  has  the  property  of  imparting  to  a  nolu* 
tion  of  green  vitriol  a  dark  color*  Ou  boiling,  the  nitric 
oxide  escapes,  and  is  converted  in  the  air  Into  nitrous 
acid,  forming  the  yeUow  fmmes  that  are  given  off  dur* 
ing  the  oxidation. 

Experiment  c. —  IVepare  (L)  a  diluted  sohirion  of 
green  vitriol,  (2.)  a  mixtnre  of  one  part  of  a  solution  of 
sulphate  of  Bcsquioxidc  of  iron  and  four  parts  of  water 
(siec  former  experiment),  amJ  (3*)  a  mixture  of  the  linit 

[and  ^cond;  ajid  iheji  add  timrnoniti  to  each  of  the 
three  liquids^  until  they  emit  a  distinct  ammontacal 
odor.     There  is  formed  in  the 

L  Solution  of  protoxide  of  iron,  a  greenish  white  pre* 
Ctpittite  of  hydrated  protoxide  of  iron; 

2*  Sohitioa  of  imigni^tle  oxide  of  iron,  a  black  precip- 
itate of  hydrated  magnetic  oxide  of  iron; 

3.  Sohitioti  of  scii^iui oxide  of  iron,  a  yellowish  brown 
precipitate  of  kydrated  ee-yquioxide  of  iron* 

Ammoniii  is  a  stronger  bn»c  than  either  protoxide  or 

fietqnioxifle  of  iron;  for  this  reason,  it  :i'  ^"  '  ^ ~  m 
Jjem  their  tiolphuric  aejd,  nml  the  oxide?  p 

(itated^Kiuce almost  all  the  metallic  o,\i  Iq 

l,W'"*  "      H'  the  metaJlic  oxiilcs*,  at  thu  inuiuutii  u;  ijirii 
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JjuolBble. 


eeparation    from    a    eombinationi  meet    with    water, 

they  FeEdilj  com- 
bine with  it,  form* 

ing  hptlrates.  This 
is  the  reason  why 
the  metallic  oxides, 
which  ai€  obtained 
in  the  moist  way, 
I  fiequenfly  have  a  very  different  color  from  those  prepared 

in  the  dry  way  (by 
h  eating  to  redncas) . 
If  you  heat  the 
bydrate,  the  water 
is  expelled,  and  the 
oxides  appear  now 
in  their  character- 
istic color.  This  change  of  color  is  well  jllustratcd  in 
the  case  of  common  bricks,  which,  before  being  bumtj 
have  a  yellow  color,  owing  to  the  presence  of  hydrated 
sesquioxide  of  iron ;  when  burnt,  they  are  red,  because 

I  the  hydrated  water  is  expelled  by  the  heat,  and  thereby 
anhydrous  sesqui oxide  of  iron  is  formed,  wliich  pos- 
sesses a  red  color.  If  the  above  precipitates  are  filtered, 
a  striking  change  Is  soon  perceptible  in  the  protoxide 
of  iron,  its  color  changing  first  to  a  dark  green,  then  to 
black  (magnetic  oxide  of  iron),  and  finally  to  brown 
(hydrated  sesquioxide  of  iron),  according  to  the  amount 
of  oxygen  absorbed.  As  already  stated,  one  of  the  most 
important  properties  of  protoxide  of  iron  is,  that  it 
combines  eag'erir/  with  still  more  oxt/gen^  a  property 
which,  as  we  have  seen,  it  communicates  also  to  the 
salts  in  which  it  is  contained^ 

The  black  precipitate  of  magnetic  oxide  of  iron  com- 
ports itself  in  the  same  manner.     P      "'"  '"^"i  boil  it  pro- 
28* 
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viously  to  0Jtrat]Qn,  it  will  retaiii  its  black  color  on  dry-i 
ing.  In  this  state  it  is  used  as  a  medicine,  under  the 
name  of  bhick  oxide  of  iron. 

Kij/r2riment  d.  —  If  you  poor  alcohol  upon  some 
bruised  nutgalls,  the  liquor^  after  a  few  days,  will  bate 
a  browiiish*yeliow  color,  aud  a  very  «>'  t  taste. 

Tfaia  liquid  —  called  tinctore  of  galls  ^ —  ^  ^  in  bo* 

lution^  besides  several  other  ingredients,  two  oi^ganic 
acids,  faults:;  acid^  or  tannin,  and  gallic  acid.  Add 
some  of  this  tincture  to  a  solution  of  green  vitriol,  aud 
some  of  it  likewise  to  a  mixtore  of  water  and  sulpltatc 
ofsesquioxide  of  iron;  in  the  former,  a  Hg-kt-cohred  pre* 
cipitate  will  be  fonned,  which  assumes  at  first  a  violtij 
and  Bnally  a  bkwk  color ;  but  in  the  second  liquid  a 
bifii^k  rohr  is  immrdiatt^hi  produced;  and,  on  standing, a 
black  pTCcipitate  will  be  deposited*  Tliis  black  precip* 
itata  consists  prioci pally  of  iamiale  and  gallate  of  Mtsqui^ 
oxide  of  irofu  By  adding  to  this  gum  or  ^ugar,  com- 
mon ink  is  prepared^  ttie  mucilaginous  or  Baechurine 
liquid  thns  obtained  holding  the  gallata  and  tanaate  of 
iron  in  suspensba.  The  combiaation  of  tanitiu  and 
gallic  acid  unth  protoxide  of  iron  is  not  black,  but  it 
becomes  so  on  exposure  to  the  air,  since  the  protoxide 
is  thus  converted  into  sesqni oxide.  This  ex|ilajns  the 
pale  color  of  fresh  ink,  and  its  becoming  dark  on  tba 
paper.  If  you  dip  a  linen  rag  first  in  tincture  of  gaik| 
and  then  in  a  solution  of  iron,  the  black  pn  is 

fonned  in  the  fibre  it^lf,  and  thus  adheres  ^u  *,.,...,  la 
it  that  it  cannot  be  washed  out  a^tv.  Thi:ii  is  the 
general  method  used  foi  ve^ 

either  black  or  gniy,  atia  ...,  ,  t*^ 

especially  frrecn  vitriol,  have  a  vct\*  j.- 

tion  in  ' 

aB*^  „.  ^..  „„,,„ 
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obtained  by  adding  iron  filings  to  diluted  aquafortis,  ad 
sng  as  they  confiiiue  lo  f!isj?oIve  In  it     Ntinc  acid  far- 
wishes  an  abundant  supply  of  oxygen  to  the  JroOj  and 
Ithta  takes  up  as  much  oxygen  as  it  can  bindf  and  is 
I  enn verted  into  a  sesquioxide*     Thia  solution  ii»  of , 
[l>n>wn  color,  and  is  used  in  dyeing*     If  some  aquafor 

dropped  upon  cast-iron,  steel,  or  bar-iron,  black  spots 
f  p!  Niced,  because  tlic  iron,  but  not  the  carbon,  ia 

Ltl      X      Thtise   spots  are  darker  in   eaat-iron,  and 

Ight^cr  in  bar-iron*  Hence,  to  ascertain  how  mncb  car- 
bon is  ctmtained  in  a  sample  of  iron,  you  have  only  to 
issolvc  a  weighed  quantity  of  it  in  dilated  nitric  acid^ 
\%d  fjQ  weigh  tiic  charcoal  remaining  behind. 
287*  Aceiate  nf  se.$<pimjdtk  of  iron  may  be  prepared 
lirectly^by  dissolving  fre&!ily  precipitated  and  Btill  moist 
iydrated  scsquioxide  of  iron  in  acetic  acid,  When 
lixed  with  alcohol  and  ether,  it  forms  KMjwoth's  eihe* 
I  tincture  of  acetate  of  iron,  which  is  sometimes  nsed 
medicine.  When  the  shoemaker  poors  beer  upon 
jn  naiis  to  prepare  the  iron-blaek  with  which  he  black- 
!  his  leather,  be  obtains  acetate  of  sescjuioxide  of  iron; 
&r  on  exposure  to  the  air  the  beer  is  changed  into  vin- 
r,  and  the  iron  to  scsquioxide*  Leather  is  a  conibi- 
of  the  skin  with  tannin  ;  when  the  latter  meets 
rith  the  aesquioxide  of  iron,  black  taimate  of  iron  (ink) 
formed.  An  iron  mordant  is  now  frequently  pre- 
ircd  for  dyeing  purposes,   by  dissolving  iron-rust  in 

•vinegar  (pyrol ignite  of  iron)* 
2^  Phospkate  of  protoxide  of  iron  ih  prepared  by 
n  solution  of  green  vitriol  with  a  solution  of 
le  of  soda;  the  white  precipitate  produced  be- 
gradually  bhie  liy  artraeting  oxygen  from  the  air 
iphate  of  the  magnetic  oxide  of  iron^  blue   iron- 
b)-     PhmjihaU  of  sesqtmxide  of  iron  is  wliite,  and 
^^iscuis  ill  the  ashes  of  many  plants. 


r^uli 


ifjon 


FoIklUa, 


^on  and  Ot  lor  ins* 

289*  Pfoiochhride  of  Iran  (Fe  CI),  a  green  salt^  la 

formed     by     dissolving 
iron  la  muriatic   acid; 

sesqukhiaride  of  ira^ 
(Fe^  Cla),  a  brown  salt, 
by  dissolving  ^esquiox* 
ide  of  iron  or  hydrated  sesqui  oxide  of  iron  in  muriatic 
acidf  or  by  the  addition  of  chlorine  water  to  protoehlo- 
ride  of  iron  (§  186),  Protochloride  of  iron  is  also  called 
muriate  of  protoxide  of  iron j  and  sesqui chloride  of  iron 
IB  often  called  muriate  of  sesquioxide  of  iron- 

Iron  and  Ctfanogen. 

As  chlorine  combines  with  iron,  so  also  cyanogen 
can  form  combinations  with  iron*  Two  of  them,  Pnis- 
sian  blue  and  ycUot^  prussiale  of  potassa^  have  acquired 
very  great  importaiiee  in  the  arts. 

290.  Prussian  Blue,  or  Ferrocyanide  of  L'on 
(3FeCy  +  2Fe^Cy,). 

If  magnetic  oxide  of  iron  is  agitated  with  prussic 
acid,  the  black  precipitate  becomes  blue;  this  insoluble 
compound  is  termed  Paris  blue ;  or,  when  it  is  mixed 
with  white  substances,  —  for  instance,  alumina^  clayi 
Btareh,  &c*,  —  Prussian  or  mineral  blue.  Its  coustitutiou 
may  be  more  readily  imprinted  on  the  memory  by  ic* 
garding  it  as  pru striate  of  black  oxide  of  iron.  It  con- 
sists, in  fact,  of  protocyanide  and  sesquieyanide  of  iron, 
since  a  haloid  salt  and  water  are  always  formed  when  a 
hydrogen  aeUl  combines  with  a  metallic  oxide  (§  187), 
Both  modes  of  consideration  harmonize  well  with  each 
other,  for  prus^iate  of  protoxide  of  iron  is  the  saiue  aa 
Bnide  of  iro: 


I 


Fe  O  +  H  Cy  =  Fe  Cy  +  HO; 
and  pfussiate  of  sesqiii oxide  of  iroa   m   the  same   as 
sest^uicyaiiide  of  iron  -[-  water, 

Fe,  O,  +  3 IlCy  =  Fe,  Cy>  +  3 H O. 
Prussian  blue,  on  account  of  its  splendid  color,  is  not 
only  an  important  article  fur  staining  wood,  paper,  &.e^ 
but  it  is  also  one  of  the  principal  pigments  for  dyeing 
loth,  cotton,  siBv,  &c.  The  color  thus  prepared  is 
ed,  in  dyeing  establishments, /?t?^a55a  d/ii^,  to  distin- 
sh  it  from  indigo  blue.  Prussian  blue,  allhoogh  it 
contains  prussic  acid  or  cyanogen,  is  not  poijAonous, 
Similar  inconsistencies  frequently  occur  in  chemical 
combinations.  Sometimes  a  poisonous  combi  nation  is 
formed  from  innocuous  bodies;  and  sometimes  a  harm* 
less  compomid  from  poisonous  constituents.  Accord- 
ingly, a  correct  inference  cannot  always  be  drawn  as  to 
the  medical  elfecta  of  a  compound  merely  from  its  con* 
stituents. 

EjcperimenL  —  Mix  thorouglily  together  one  dram  of 
Paris  blue  (pure  Prussian  blue)  and  a  quarter  of  a  dram 
of  oxalic  acid,  with  some  water;  the  color  insoluble 
in  water  is  rendered  soluble  by  the  oxalic  acid,  and  a 
blue  liquid  is  obtained,  which,  if  thickened  with  gum 
Arabic,  may  be  used  as  a  blue  ink- 

Experimeni.  —  If  you  heat  some  Prussian  blue  upon 
charcoal  before  the  blow-pipe,  an  empyreumatic  odor  is 
produced;  the  cyanogen  is  consumed  (C^  N  is  eon* 
verted  by  the  oxygen  of  the  air  into  2  C  Oj  and  N),  aud 
you  5nally  obtain  only  a  brownish-red  residue  of  ses- 
quioxide  of  iron.  Must  of  the  cyanogen  compounds 
are  decomposed  in  a  similar  manner  by  being  heated 
to  redness. 


29L  Ferrocyanide  of  Potasmum^  or  FrmmMe  aflhtitssa 
(2KCy,  FeCj  +  3H0). 
Ib^eriment  —  Heat  to  boiling  nn  oance  of  finely 
1  vended  Prussian  blue  with  three  ounres  of  water, 
and  as  it  boils  add  gradually  eau&tie  potassa,  nntU  Uie 
blue  color  of  the  mixture  disajjpears.     You  obtulii  a 
turbid  J  brownifeh-yellow  Hqmdj  which  you  render  ch-*ai 
by  titration.     What  remains  upon  the  filter  h  hydrat- 
cd   sesqtiioxide   of    iron,    which    is   separated    by    the 
^^Iroiiger   potassa    from   the    Pmssian    blue,      Tabular 
^^B  crystaht  are  deposited,  on  t'ooling,  from 

^^        ^^  '^^  the   clear   ycHowish    liquid;    they   are 

1  ^\  ^^^v\  commonly  called  yellow  prus^siatc  of 
I  ^VV  \\  P^^^ssa,  but  in  chemical  langua|jj«s  ftr^ 
^^H       V  7    rocpanidc  of  poia^swm.    This  double 

^^  salt  h  formed  as  follows ;  — 

PnusUii  blue:  iron  with  more  cpaiagt^n  +  v^^  wUh  Icaa  eyfinogcn. 


£tt: 


(iDfolublo.)  (Soluble,) 

The  potassium  of  the  potassa,  as  we  see,  rtpkcen  the 

n  in  the  scsqutcyanide  of  iron,  forming  rvanide  of  po* 

.<sium,  which  forms  a  double  salt  with  the  remaining 

decomposed  protoeyanido  of  iron.    The  oxy^u  of 

le  potassa  passes  to  the  libemted  iron,  and  e^  "t 

to  sesquioxide  of  iron.     Accordingly,  we  hav  jic 

Haw  salt  potassium  imd  iron  both  combined  witli 

anogen,     As  water  h  pre!*ent»  ti 

|um  may  be  n^gardeti  al*o  an  pru>  ,  ,  I 

e  protoeyanido  of  iron  as  the  pnis^to  of  pT>  i 

,  and  the  whole  salt  as  a  coi  i 

xide  of  iroji  witli  prus^u  ; 


the  caae,  the  prussic  acid  moy  be  expelled  from  it  by  a 
t^t^(>^ger  acid ;  thl«,  in  fact^  does  take  place^  for  prus^ic 
arid  b  commonly  prepared  from  thk  salt  by  adding  to 
It  sulphuric  or  phosphoric  acid  and  some  watcrj  and 
then  distilling  the  mixture. 

If  blood  and  potassa  lye  are  boiled  together  and 
evapomied  to  dryiiegp,  and  the  remaining  mass  is 
heat^nl  to  redness  a  yellow  eolation  of  ferrocjanide  of 
potassiam  is  obtained  by  the  lixiviation  of  it  with  water. 
This  salt,  pm^iatc  of  potassa,  must  aot  be  confounded 
with  cyanide  of  potassium,  a  coinbination  consisting 
of  potasaiura  and  cyanogen  alone^  without  iron,  and 
wliich  ia  a  white  salt  and  a  raosl  daully  poisan,  Tiie 
fcrroeyuaide  orjwtasdium  (the  use  of  which  term  inatead 
of  pm^siatc  of  potasaa  will  prevent  the  liability  of  miti- 
taking  one  compound  for  the  other)  is  not  poisonous/ 

FeiTOcyaiiide  of  potassium  is  prepared  on  a  large 
aic  in  a  manner  similar  to  that  above  described, 
Blood|  born,  leather,  or  other  animal  substances,  arc 
charred ;  this  is  beat  done  by  dry  disUllatioti,  in  order 
to  obt;un  ammonia  a^  a  secondary  product  (^  228) ;  the 
charcoal  thus  obtained  h  then  mixed  with  carbonate  of 
potaasa  and  iron,  and  the  mixture  fused  at  a  red  heat 
in  a  r*  '  i*ory  f urn  ace-  In  animal  charcoal  there  is 
still  <'i  i  nitrogen-    This  nitrogeuj  when  hf-ated  lo 

redness  with  a  &tn>ng  base,  unites  with  carbon,  forming 
c.  '"  I  then  enters  into  combination 

ir  carlKjnatc  of  potassa,  wliich 
is  fcdnced  by  means  of  the  coal,  forming  cyanide  of 
ium.     n     ''      ■       "  the  fused  ma^^s  in  water,  a 
of  th -'  up  its  cyanogen  to  the  iron, 

wbeieliy  furrocyanidr  of  puta^ium    (and  caaatic  po* 
whioh^   after  *^m  *'  evaporation, 

nc»olutioi].     M*  r  ily  the  nitro- 

t  air  has  been  BuecesafiiUy  tised  for  ib^  toim^* 
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tion  of  cyanogen,  whereby  animal  snbiitancefi  have 
become  quite  superfluous  in  the  preparation  of  ferrocy- 
ariide  of  pot  asm  om* 

292.  Krperimejits  wtih  Ferrocytmide  of  Pok*ssmm. 

Erperiment  a. — By  mixing  a  solution  of  ferrocy* 
anide  of  potassiiim  with  sulphate  of  scstiuioxide  of  iron 
a  deep  blae  precipitate  of  Pmasian  blue  is  produced ; 

for  from 

Ferrocpaiid«  of  pousfiium :  protocjumde  of  irQn -(-  cvanide  of fM^ta^imn, Ami 
Snlphftte  of  iCgqiiio3dd&  oT iron ;    Iron,  o ^  i'i 

^         -  ( protoev-amde  of  iron  -  ■on 

ire  lomoa  j  ([u^ofuijie),  md  ictl|ib*iu  t>r  |*yu***  i«ilubl«|» 

E^^ertmeni  b.  —  Mix  a  solution  of  ferrocj^nidc  of 
potassium  with  a  solution  of  green  vitnol;  a  light  blue 
precipitate  is  formed  (pru&aiate  of  protoxide  of  iron  and 
potassa,  or  ferrocyanide  of  iron  and  potnsaiiini).  Set 
aside  one  half  of  the  solution,  frequently  stimng  it;  ttie 
light  color  of  the  precipitate  gradually  chang«js  to  a 
darker  blue*  This  change  takes  place  more  i  "  '>y 
adding  to  the  other  portion  a  few  drops  of  i^  id, 

and  beating  the  mixture.  In  both  cases  oxidation 
takes  ptacCf  whereby  a  portion  of  the  protostide  Is  con- 
verted into  the  oaddc,  so  that  prus&Jate  of  the  magnetic 
oxide  of  iron  ot  ferroeyanide  of  iron  is  formed.  Both  of 
the  niHhod^i  here  given  are  employed  in  the  proparafion 
of  Prussian  blue  on  a  large  scale*  In  dyeing,  tht*  doth 
ig  fu^t  steeped  in  a  solution  of  iron,  and  then  pasaed 
through  a  sllghUy  addified  solution  of  ferrocyanide  of 
'  pota!^^ium« 

Experiment  c,  -*-  Add  a  solution  of  ferrocyanide  of 
.potassium  to  a  very  dili      ■  n  of  blue  vitriol; 

[you  obtain  a  p^irplc  rec!  ^       ^  ^4  fcrroc^anide  (^ 

vcoppet.    The  copper  gives  up  its  oxygen  and  jialphuiie 
[add  to  the  potai&^ium  of  the  feirocyanide  of  potassium, 
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h&nd  sulphate  of  potasaa  remains  dissolved  in  the  liqmd* 
This  is  the  most  accurate  test  for  detecting  the  presence 
of  copper  in  a  Uqmil«  Most  of  the  basic  elemeuts,  like 
copper  in  this  instance,  form  double  compounds  with 
protocyanide  of  iron. 

Experiment  (L  —  Sprinkle  some  ferrocyanide  of  po- 

Ttassinm  npon  a  piece  of  red-hot  sheet-iron^  and  quench 
it  quickly  in  cold  water ;  the  iron  becomes  so  hard  as 

[to  resist  the  action  of  the  fije,  a  coating  of  steel  having 

[been  formed  on  its  surface  by  the  carbon  of  the  cyano- 
gen. This  simpfe  process  is  especially  adapted  for  im- 
ag  to  agiicultnial  implements  a  greater  degree  of 
hardness  and  durability. 

293<  Red  prus^siate  of  potassoj  or  fernafanide  of  po- 

\i&smtm^  is  distinguished  from  the  yellow  prussiate  by 
containing  sesquicyanide  instead  of  protocyanide  of 
iron.     When  added  to  salts  of  the  protoxide  of  iron  it 

I  forma  a  deep  blue  precipitate  (but  no  precipitate  is  pro- 
duced by  it  in  the  salts  of  the  sesquio3dde  of  iron) ; 

[therefore,  it  is  not  only  used  for  producing  a  blue  color, 
>ut  also  as  a  reagent  to  dktinguish  the  salts  of  the 

[^Besquioxide  from  those  of  the  protoxide  of  iron. 

Iron  and  Sufpkur, 

294-  MtperimenL  —  Protosulpkuret  of  Iron  (Fe  S).  — 
I  On  adding  some  sulphuretted  hydrogen  water  to  a 
[alightly  acidified  solution  of  green  vitriol,  no  precipitate 
■Js  produced;  but  if  sulphuret  of  ammonium  is  added, 

deep  black  precipitate  is  formed ;  this  precipitate  is 
I  m  Iph  ure  i  of  iron. 

295,  ExperimenL  —  Sesqitmdphiirei  of  Iron,  —  Twen- 

graina  of  sulphur  and  thirty  grains?  of  iron  fiHngB  are 
lihoroughly  mixed  and  heated  before  the  blow-pipe 
[flame  directed  upon  one  part  of  the  mass :  tliis  part  at- 
29 
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tains  a  Ted  heat,  which  rapidly  pervades  the  whole  mass* 
Tho  yellowkh-brawri  ^ubstnnce  obtaincJ  is  lic&qttiaal- 
pharet  of  iron*  Another  method  of  preparing  this  &iib» 
stance,  and  of  applying  it  to  Urn  evolution  of  solphuret* 
ted  hydrogetij  has  been  described  (§  131).  This  com- 
bination ako  occurs  native  (fna^otic  pyrites^).' 

Expenmerit.  —  If  you  moisten  protosulphuret  of  iron 
with  water^  and  let  it  remain  exposed  to  the  air  for 
some  weeks,  small  green  crystals  will  be  tbnnd  dissem- 
inated throughout  the  mass,  both  the  iron  und  the  euU 
phur  having  gradually  attracted  oxygen  from  the  air. 
Fe  S  is  thus  converted  into  Fe  O,  8  CV 

296*    Bisulphurel  of  Iron  (FcS^).  —  Iron  containing 

twice  as  much  sulphur  as  the  protoaidphurct  occtirs 

native  in  many  oresj  and  frequently  in  hard  coal^  and  h 

•  ealled  iroti  pyrites  or  bisulphurct  of  iron*     It  has  quite 

Fig'  la        t^^  appearance  of  bm^s,  and  usually  oc* 

^,l__  eurs  in  ctibic  crystals.  If  heated  in  a  ns 
(^  tfl  *^^*'  '*^'*'  ^^  ^'^'®  sulphur  distik  over,  and  is 
1  *        HP     collected,  and  a  black   snlphurct  of  iroa 

I W^     remains  behind ;  accordingly  sulphur  iimy 

be  prepared  from  it  Green  vUnol  is  pre^ 
iared  from  this  residue,  by  piling  the  latter  in  iR'upsi 
and  leaving  it  for  several  months  exposed  to  the  air. 
The  green  vitriol  thus  formed  is  fr^ed  from  earthy  im- 
purities by  lixiviation  and  cviiporaUon, 

The  salts  of  iron  may  be  detected  by  their  behaviour 
before  the  blow-pipe,  by  anmioniji,  tincture  of  galU, 
sulphtn^t  of  ammoniumi  and  fcrrocyatiidc  of  pottu- 
sium. 


^TIm  oocDpoiiUon  of  iiui^nctie  pjt%^«*  ^ncnlljr  CQir^mn^lt  to  1^ 
fomiulA  Fer  &i  A  &  Fa  S  +  JTqi  dn^  CWm  ^itimmiafrt  tk  Chmm  par 
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SysUmalic  Sgmpm  of  tke  Chmpaunds  of  Iron* 

l)  Wrooght-iroti  {Iron  +  |  pcrccntof  airbon). 
^^)  Ca^t^iroii  (Iron  ^  5  per  ctint.  of  ciurbyri), 

t)  Stct  I,  a  mixluru  of  botlu 
i^ilf^mrtti  o/Iron* 

i.)  BiKuljilitiiMH  of  imn,        yellow. 
^  £.)  Sakc|^ui*u]|jhurci  of  iron,  brownbb-ycllow,  ft  mUturc  of  bdili. 

ft.)  Prtitoxide  of  iron,  blatk. 

iljdmtcd  protoxide  of  ifoO|    whf  re- 
(I . )  8( -M 1 J .  i^i:  i .  ?  -^  of  iron,  i^dbH-broswn* 

1 1  '  jubxitie  of  iron,  ycLlowinh^brown, 

ft. )  M^^ — -  ---  - 1  tie  of  iron ,  LI  mM . 

^0.)  Stitt  <fihit  Glide. 

Ma  of  ll)«  rrotoxldq.  8nltfl  of  the  icsquioxide. 

(Qrccn  )  (Urown.) 

Sulphite  of  the  protoxide  of  Imn-  Sulphiito  of  tlio  gcujtikijtidc  of  iroiT 

Niovto  ■         M  I*  Nimat  "*         « 


Froli>efi]orido  of  iron. 


Acetaco 
FhospUnte 

ScJcjtikWoride  of  iron. 


Fffrmcjutijdi.'  of  fjotasduin  (ycHow).  FtsmcrnTiidt?  of  potussiom  (red)* 
Pcrtwjraoido  of  topper  (ml).  i'tm^tryniiidc  of  Iron  (I4a«). 


MAKGANESE  (Mn), 
Al.  Wi,  =  345  —  Sp*  Gr.  =^  S* 

297.  17&KC&  Oxide  ot  Ht^peroxide  of  Mangami$ 
(Mn  O,). 
Several   experiraoiites  have  already  been    performed 
[WJth  this  minf^ral,  which  b  chiefly  obttiinrd  from  the 
laix  Mautitaiiid  and  itmix  Tbmiiigm;  we  U)mi  it  cape- 
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daily  for  tlie  preparation  of  oxygen  and  chlorine.  It  U 
one  of  the  few  combmationa  of  oxygen  termed  ktfpcr- 
oxides  or  superaxides  ;  so  called  because  they  contain  an 
excess  of  oxygen^  which  they  give  out  when  heated  to 
redness,  or  when  heated  with  stdphnrie  acid.  100 
ounces  of  black  oxide  of  manganese,  which  contain  36 
ounces  of  oxygen  (2  atoms),  yield  at  a  moderate  hi'at 
9  ounces  (j  atom),  at  an  intense  red  heat  12  ounces 
(I  atom  J,  on  heating  with  solphnric  utnd  18  onnc<*^ 
(1  atom),  of  oxygen,  Thejeforc  hypcroxide  of  man- 
ganese is  excellently  adapted /or  combinhiff  other  bodies 
with  oXT/g'tnt  as  was  shown  in  the  preparation  of  chlorine, 
when  the  oxygen  of  the  hypcroxide  of  manganese  oxi* 
disced  the  hydrogen  of  the  muriatic  acid,  forming  water, 
and  thereby  liberated  the  chlorine  of  the  muriatic  acid- 

Glass-makers  often  add  hypcroxide  of  manganeae  to 
the  fused  glnss,  to  render  the  color  of  the  black  or  dark* 
green  bottle-glaBs  yellow  or  orangei  a  shade  which  ia 
generally  preferred  In  this  case,  also,  an  oxidatton  ia 
effected  by  tlic  hypcroxide  of  mangxuicise.  The  daik 
color  of  the  glass  is  owing  to  the  protoxide  of  iron ; 
this  obtains  oxygen  from  the  hypcroxide  of  manganese, 
and  becomes  gcsquioxide  of  ironj  which  colors  the  fused 
glass  brown  or  yellow,  On  this  account,  black  oxide 
of  manganese  U  cnlhd  glass'fnakt'rs*  map.  Iff"  ' 
smali  proportions  to  white  gla£s,it  gives  it  a  vioh^  _  - 
and  in  this  way  arti&cial  amethysts  are  made. 

B^perimeni.—iMbi  into  a  thin  pa^tc  wli ' 
fourth  of  a  dram  of  finely  pulverised  hypcn  ^ 
ganeae,  one  dram  of  litharge,  one  of  <  lay,  and  spread 
it  over  a  tile»  Put  the  latter  bctv%*cen  two 
coals,  or  din*ct  upon  one  part  of  it  a  strong  bi  ,  , 
flame;  the  mn%n  melts,  and  forma  on  cooling  a  briiUiuit 
black  Doatingi  or,  if  l&is  mangaaese  be  used,  a  brown 


ig.    This  b  the  method  by  which  potters  prepare 

fficif  black  vf  hrnwn  gla:£e. 

2i)8,  Man^an^sr  (Mn). —  By  intensely  heating  the 
hyp<*roxkle  of  inati^nese  with  charcoalj  all  its  oxygen 
limy  be  expetk'ij,  and  a  grayish*\vhite  brittle  mass 
(Afii)  ]»  obtaiui'tli  much  more  cUiiicult  of  fujsion  than 
ev€ci  iron* 

Other  Cambinaiions  of  MatigaMM, 

299.  ErpcrimefU,  —  Mix  in  a  porcelain  crucible  a  quar- 
ter of  an  ounce  of  hvperojiidc  of  man- 
ganese  with  one  eighth  of  an  ounce 
of  Bulphuric  acid^  and  expose  the 
mixture  to  a  gentle  heat  for  fifteen 
minut€3j  and  then  to  a  strong  heat 
for  au  hour*  After  cooling,  boil  the 
black  mass  in  water,  and  evaporate 
the  solution  to  dryness,  constantly 

stimog  it  when  nearly  dry ;  the  reddish-wliite  powder 
is  mlpkale  of  protoxide  of  mmi^amse  (Mn  O,  SOj  -|- 
4  II O).  Half  of  the  oxygen  escaped  during  the  heat* 
ing,  and  protoxide  of  manganese  (Mn  O)  remained  be- 
lli nd,  which,  being  a  Balt-basc,  combined  with  the  sul- 
phuric acid*  Muiiaie  of  protoxide  of  mundane bc^  or 
protochloride  of  manganese  (Mn  CI],  was  formed  dux* 
in^  llie  preparation  of  chlorine  (§  150),  and  remained  in 
the  tia»k,  having  obtained  a  yellow  color  owing  to  the 
presence  of  ehioride  of  iron.  Most  of  the  salt^  of  the 
protoxide  of  mani^nrse  have  a  retldish  color, 

300,  Dissolve  a  portion  of  tlie  sulphate  of  protoxide 
of  imms^anesc^  and  use  the  solution  for  the  three  follow- 
ing r  'At^ 

E^^...-, . ....  ,,i'  a. —  On  exposure  fa  the  air,  the  solatiou 
act]uiiea  a  dark-browu  color,  aud  tiftei  a  tmbe  depo^t» 
29* 
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a  powder  of  the  same  color^  just  as  occoTTed  in  Uto 
solution  of  the  sulphate  of  protoiMc  of  iion.  Tho 
*  protoxide  of  mati^anese  attracts  oxygen  from  the  aiTi 
and  is  converted  into  hydrated  sesquioxide  of  maoga* 
iiese,  from  which  a  part  separates,  snjficieat  acid  not 
being  present  to  retain  all  the  sesquioxide  in  gotaiioiL 

ExperinieM  b.  —  If  some  ammonia  or  potassa  is  added 
to  another  portion  of  the  solution^  the  stronger  banes 
will  overpower  the  enlphiirie  acid,  and  hydnUedprth 
ioxide  of  manganese  { Mn  O  +  H  0}  will  separate  as  a 
white  precipitate.  On  filtering  and  drying,  it  vnM  be* 
come  converted  into  dark-brown  hgdrate  of  scsquumde 
7f  munganese  (RLia  0|  »{-  3  HO),  precisely  a»  ocetrmid 
with  the  hydrated  aesqnioxide  of  iron*  If  a  piece  of 
linen,  immersed  in  the  solution,  is  dried,  and  tticn 
passed  through  a  solution  of  potagsa,  the  prccipiUtc 
will  adhere  firmly  to  the  fibres  of  the  cloth,  and  will  ao- 
quircj  on  exposure  to  the  air,  a  fine  dark-brown  color, 
called  by  dyers  7nmiganese-broim%. 

Eijierimeni  c, — ^  Add  some  sulphuretted  bydrogeii  to 
a  third  portion  of  the  solution  j  no  change  tnkcs  place 
until  some  ammonia  is  added,  when  a  ileiih*colored  pre* 
cipitate  is  produced^  consisting  of  manganese  and  ^- 
phur  (Mn  S)*  In  this  manner,  the  presence  of  inaogap 
nese  in  a  solution  may  bo  ascertained,  for  manganese  id 
the  only  metal  whicb^  on  combining  with  suJpfaiUt 
yields  a  metallic  snlplmret  of  a  pink  color.  This  ex* 
perimcnt  also  aflbrtis  another  example  of  double  eleo^ 
tive  affinity  causing  a  decomposition  which  cuttid  oat 
be  effected  by  si^     '      '  L-tivc  alBoity* 

301,  Acids  aj  ^  „  '  -sc,  —  Manganese  is  cbmmcl^^ 
kcd  by  combining  with  still  mofB  oxygen  tliao  to 
ooulained  In  th*-  ' 


■ 
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one  dram  of  tij'peroxide  of  manganeie  and  one  dram 

of  cauiitic   potassa;    put  the  mixture   in  a   porcelain 

iicibic,  and  heat  it  strongly  for  half  an  hour*     When 

Coliij  add  Bomc  \vniet  to  the  black  mass;  you   tvlll 

[cbtain  a  green  i^olution,  Avhkh  becomes  clear  by  set- 

itling  in   a  test-tube.     This  green   color  is  owing  to 

the  formation  of  a  salt,  which  is  called  man^anaie  of 

poiassa^  or  chameleon  mineraL     By  the   ignition  with 

[potassa,  the  hypcroxide  of  mangiincse  is  disposed  to 

Deive  an  additJonsil  atom  of  oxygen  from  the  air,  and 

I Mn  O*  is  eonverled  into  Mn  O^,  which  latter  compound* 

Feotnports  itself  as  an  acid;  that  is, it  combiucs  with  the 

base  present,  forraiJig  a  &alt  (KOj  Mn  O4)* 

Erpcrimcnt  —  Pour  half  of  the  green  solution  into  a 

[wine*glass,  dilute  it  with  water,  and  leave  it  in  repose; 

[the  green  color  soon  begins  to  changei  passing  through 

botUc'green  and  violet  to  a  crimson-red,  a  brown  pow* 

der  (hypcroxide  of  mangancise)  being  at  the  same  time 

[  deposited.    This  apparently  voluntaiy  change  is  occa- 

Iftioned  by  the  carbonic  acid  of  the  airi  which  combines 

rwith  a  portion  of  the  potassa  and  expeU  the  manganic 

add.     The  mangmnic  acid  (Mji  Oj)»  however,  on  being 

[deprived  of  its  base,  immediately  separatt^s  into  two 

!>arts,  one  of  wliich  contains  less  oxygen  (hyperoxidc  of 

luianganese,  Mn  O^),  and  tlie  other  vwre  oxygen  (per- 

|fnan£^anie   acid,    Rln^  O7) ;  3  Mn  Oj   is   converted   into 

^Mn  Oa  ixnd  Mug  O^     The  led  color  belongs  to  the  per^ 

fomic  acid,  which  nimaists  in  solution,  combined 

%rith  a  portion  of  tlie  palasiKL 

ExperimetiL  —  Add  some  drops  of  sulphuiic  acid  to 
another  portion  of  the  green  solution,  when  the  change 
color  from  green  to  red,  that  1*,  the  convcTBion  of 
Jganate  into  permanganate  of  potassa,  will  take 
instantaocoiuily. 


I 
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345  lbs.  of  niJitiis^iiiiea^ 

or  I  at.  Ma 
345  Iht*  of  msmpineio 

or  1  nt.  Mn 
345  lli«,  (it  mvtn^nuf^t 

or  I  At.  Mn 
345  lbs.  of  QiaAgttSiiae 

or  I  at  Mb. 


The  most  remarkable  characteristic  of  tliese  aoada 
is  the  facilily  with  which  ihetj  surretider  that  parihn  of 
their  oxygen  which  stamps  them  as  acids.  Evcji  a 
piece  of  wooil,  paper,  or  nnj  other  orgmtuc  substaiice, 
throwo  into  the  green  or  red  Bolutions,  decomposes 
thein  and  removes  their  color,  and  for  this  reason  tticy 
should  never  be  ^tered  through  papen  From  its  sin- 
gular changes  of  color,  manganatc  of  potasea  baa  re- 
ceived the  name  of  chameleon  mimraL 

302.  Manganese  forms  with  oxygen  alone  a  great 

'  variety  of  combinatioos* 

S4&lbs.  ofmaugtm^<»  form  with!  100  Ibg.  of  oxygen    Proto^tidn  o/  nun* 
or  I  tL%^  Mn  "     *»  1  liL  0  guncsB,  =  Mn  O^ 

forra  with  l  SO  lb.  of  oxygen    S(?*qmoxi<lc!  of  maa* 

form  with  300  lb*,  of  oxygen  11^                         •\* 

"      "              2atO  u 

form  ytlik  300  lb»*  of  oxygen  Musa-iiniL:  o^iJ, 

*      "              aat.O  =MtiOj. 

fotm  with  350  Ibi.  of  oxygtn  Pemixingaoic  Add, 

It  is,  moreover,  hereby  rendered  very  obviousj  Uiat  il 
k  the  quantity  of  the  oxygen  wliirh  niiikes  one  and  tlio 
same  element  someiimea  a  hase^  sometimes  an  acidU 
Some  idea  may  be  formed  of  the  great  army  of  salts 
which  manganese  aloncj  in  virtue  of  this  double  rhur- 
acter,  can  call  into  the  field,  when  %vc  retleet  that  it 
not  only  combines  with  all  the  aeiAs  forming  protoxtdes 
at>d  sesquioxidesj  l>at  ako  with  all  the  bases,  fotmiiig 
manganatcs  and  permanganates. 


COBALT  (Co)  JCm  MCKEL  [Nl). 
AL  Wt  ==?36t*  —  Sp.  Or,  ^85.    Al  Wl =369.  —  Sp*  Or  =  3, 

303.  During  the  Middle  A: 

intcTcours* ^  \k\ \ I \  * -arth-spirits  a., .  ^.^ _ -  - 


C0S4LT   ANB   HTClEt^ 

depths  of  bis  mines,  ores  were  of  msionally  found,  par- 
ticulariy  hi  the  mines  of  Schnceberg,  in  Saxonyj  resem- 
bling, in  brilliancy  and  solidity,  tlie  finest  silver  ores, 
which,  howeveTT  yielded  in  the  smelting  fumaceg  no 
Sliver^  but  crumbled  away  to  a  gray  ashes,  a  disagree- 
able odor  of  garlic  being  at  the  same  time  emitted*  In 
accordance  with  the  superstitions  notions  of  those  timeS| 
the  mineT  attributed  the  disappearance  of  the  supposed 
silver  to  the  malicious  jests  of  the  earth-spirits,  and 
coniemptuously  rejected  these  ores,  which  he  baptized 
by  their  names,  —  cobalt  and  nickel.  But  now  they  are 
held  in  high  estimation,  cobalt  being  used  for  impart- 
ing a  beautiful  blue  color  to  glass  and  porcelain,  and 
nii'kel  for  giving  to  brass  the  appearance  of  silver.  As 
these  metals  are  melted  only  with  great  difficulty,  Uie 
heat  of  the  old  furnaces  was  not  sufficient  to  fuse  them- 
The  odor  of  garlic  was  occasioned  by  the  arsenic,  which 
-always  accompanies  the  ores  of  cobalt  and  nieke]. 

304*  Smalt^  Azure^  or  CabaU-blue.  —  The  ores  (white 
cobalt,  cobalt  pyrit^^s,  cobiilt  glance^  &e,)  containing 
arsenical  cobalt  and  nickel  are  now  worked/ln  the  fol- 
lowing manner,  Tbe  stumped  ores  arc  first  roasted  in 
a  reverberatory  furnace,  to  expel  any  arsenic  that  may 
be  present,  and  to  convert  the  cobalt  into  oxide  of 
cobalt ;  then  it  is  mixed  with  sand  and  carbonate  of  po- 
tassa,  and  the  mjjcture  fused  in  eJay  crucibles.  Thus  a 
glass  is  produced,  in  which  the  oxide  of  cobalt  dis- 
aolves,  imparling  to  it  a  deep  blue  color;  but  the  arseni- 
cal nickel,  together  with  some  silver  and  bismuth  pres-  M 
ent,  collects  at  the  bottom  of  the  crucible  as  a  fused 
metallic  lump  (speiss).  Tbe  melted  bloe  glass  is  ren- 
dered brittle  and  friabh?  by  pouring  it  into  cold  water,  ■ 
ftfter  which  it  is  ground  to  an  impalpable  powder,  and 
eluiziated.     It  is  much  used^  under  the  name  of  fmaU 
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and  aztire^  not  only  as  a  vitrifiablc  pigment  for  gls^ 
porcelain,  and  pottery,  but  for  coloring  paper,  and  alao 
in  washing,  for  giving  a  blue  tint  to  lliic-n  and  tiinslin, 

30a  inUe  Coppcfyor  Oerman  Silmn  —  The  spciai^ 
which  remains  after  the  fusion  of  the  cobalt  ore,  Is  now 
generally  used  in  tlie  preparation  of  Oerman  siti^er. 
The  arsenic  lx*ing  first  expelled,  the  bismuth,  silver,  and 
nickel  are  melred  with  from  four  to  five  tiuAtis  aj»  much 
brass  (copper  and  zinv)^  whereby  a  metallic  mixtuic  (an 
alloy)  of  a  silvery-white  color,  beautiful  brilliancy,  nml 
great  raalleability,  is  obtained.  This  alloy  h  exfeiiHivdy 
used,  as  a  substitute  for  silverj  in  the  manufacture  of  a 
great  variety  of  articles,  not  oidy  of  convenience?,  bat 
of  luxury, 

306,  As  pure  metals,  cobalt  and  nickel  have  a  great 
similarity  to  iron,  both  in  their  external  Etppeamtioo 
and  in  their  combinations;  but  <hey  arc*  nobler  rnet* 
abj  tliat  is,  they  do  not  attract  oxygen  wiih  aoeh 
nvidity,  and  they  do  not  rust  so  readily  as  iron.  The 
three  metals,  iron,  cobalt,  and  nickel,  con^titate,  an  liiui 
been  already  mentioned,  the  mas^nctic  trio;  they  alone, 
of  all  the  metals,  are  attracted  by  the  magnet-  It  i«| 
nioreoverj  remarkable,  that  just  thctse  three  metaU  al» 
ways  oe^xnr  in  meteorites,  which  occasionally  fall  to 
the  earth,  we  know  not  whence^  in  a  glowing  stale 
(meteonc  iron,  meteoric  stonei^). 

The  Jij/'poison  of  the  apothecaries*  is  nUo  frequctiUy 
called  cobalt,  but  most  in;tppro]   '  *  '  '    ^cunot 

contain  a  particle  of  cobalt;  it  i 

307.  Both  tht\^  inet^iK  like  iron,  form  wiih  osctifm 
a  protostide  and  a  ficsquioxidc. 

PfoUmde  of  cobaU  (Co  O)  ift  of  an  ai^h-gniy  cokr, 
and  its  ht/drale  m  pink;  ses^iaxide  of  tahali  (Co^  0|) 
>lack»      These  c     '  ^Vequaiily  cmpbyod  in 

(painting  onporoelai  > 


4 
4 


seme, 

^Protoxide  of  nickel  (Ni  O)  is  of  a  green ish-gmyi 
atid  its  hydrate  of  a  beavififiil  tipple-greeii  color;  Be$' 
qumxide  of  nickel  (Ni^  O,)  h  black*  Chiysopraae, 
known  as  an  ornamental  stoiiej  is  quartz^  coloied  green 
by  {irotoxide  of  inelieL 

308,  The  sails  of  protortde  of  cobaU  are  of  a  pink 
colon  A  solotion  of  the  miriife  of  protoxide  ofcobaU  is 
often  used  in  blow-pi  jic  experiraent^,  cspcciaDy  for  tlio 
deiectiDn  of  rJuminti  {§262);  a  solution  oX  prolochln^ 
ride  of  cobalt  is  employed  as  a  sympathetic  inkj  as  it 
posdessi*s  the  properly  of  becomijig  bine  by  evaporat- 
ing^ the  water,  and  again  pink  on  absorbuig  wiiter. 
Cobalt  form?,  with  phosphoric  and  araenious  acids,  red 
insoluble  eompouridsi  which  are  now  employed  as  vit- 
rifiablu  pigmeijlrt  in  glas^  and  porcelain  painting.  The 
salts  of  protoxide  of  nickel  have  a  light-green  colon 

The  salts  of  oobalt  and  nickel,  like  those  of  iron,  are 
not  prcejpitated  by  sulphuretted  hydrogen*  but  they 
are  by  sulphnrft  of  aiomonlamj  as  black  mijdmrei  of 
cobali  and  nickeL 


2lNC(Zn).  • 
At.  Wi,  ^  407.  —  Sp.  Of,^  6.9. 

309.  Not  very  long  ago,  tint  was  hardly  used  except 
for  making  brass  and  pinchbeck ;  but  since  the  ^t  of 
rolling  it  ont  into  pIn(c?^,of  forging  it^  and  of  drawing  it 
out  into  wire,  has  been  acquired,  it  ih  used  also  for  the  ' 
manufacture  of  many  articJe^  which  wer©  formerly 
made  of  lead,  copper,  and  iron ;  for  iriftfancc,  for  making 
nailA,  gasometers,  gas-pipes,  gnttere,  and  for  coverirjg 
Toob  of  housed,  for  lining  refrigcmtorsf  ice-,  as  it  is  hard* 
er>  and  yet  lighter,  ihan  Icll  *  '  fier  than  copper,  and 
leu  liable  than  iron  Ui  be  J   by  air  and  water. 
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It  nsnally  occurs  in  conimerce  in  the  form  of  »liQeitS| 
which  are  so  brittle,  that  they  may  be  broken  by  tba 
hammer  into  small  pieces ;  tbe  fresh  fraeturc  e^^hibits^ 
hucktif^  crystalline  structtirep  and  a  blaish-white  oolor^^ 

310,  Experiments  icUh  Zinc. 

Exptriwtent   a,  —  WTieii   polished  zinc  remaliis 
posed  to  the  air  for  some  time,  it  loses  its  lustre,  aiid  is 

^vert'd  with  a  gray  film.      This  film  consj^ta  of  zinc 

^mhined  with  a  small  quantity  of  oxygen,  ajid  id  caU4:(l 

uboxide  of  zinc. 
Expcrimenl  b*  —  If  a  piece  of  polished  slieet  zinc  be 
alternately  exposed  to  the  aeiion  of  water  and  of  air,  !l 
will  become  gradually  covered  with  a  white  film ;  it 

ists  lilte  iron,  but  the  rust  of  zinc  has  a  wldte  color* 
In  iron  the  oxidation  proceeds  rapidly  towards  the  into* 
rior,  but  not  in  zine,  or  only  very  slowly;  therefons 

tided  made  of  zine^  when  exposed  to  tlie  wind  and 

feather,  last  mneh  better  than  those  made  of  '  1 

for  this  rcasoitj  abo^  iron  articles  arc  frequent  i^  1 

ritb  5!inc  (galvanized  iron).      Iron*mst  is  hydr&ted  sets- 
^nioxide  of  iron,  zine-rust  is  hydratcd  oxide  of  zinc 
!inc  attracts  not  only  oxygen,  but  ak«j  some  carbonic 
acid  J  from  the  air,  and  this  may  be  recognised  by  the 
eflervescence  which  foU*iws  when  some  ac'  '  "     '  J 

upon  the  rested  zinc;  conse<iuenlly,  Ihf!  u  n 

double  compound  of  hydratcd  oxide  of  zinc  with  car* 

jnate  of  oxide  of  jcinc  {basic  carbotmie  of  the  kpdraUd 

ide  of  zinc). 

Experiment  c*  —  Hold  a  piece  of  zinc  by  inoaiis  of  a 

air  of  tonga  or  pincers  in  f       '     iiol-ihirac,  untfl  tt 
if  you  touch  it  with  a  ]  i  moist  woe 

ow  quickly  haimuer  it  Upon  a  Stone  or  an\r 


liiDii 


'  tniti(m4  «ro»ltar|>  or  j«i]ted«  i 


/..^T^oi^^^ 


wimitif  heated^  it  does  not  bst^k^  but  irpreadi  onl  lil» 
lead  inio  a  thiHf  coho^ttt  ibect  2mo  baa  the  riognhr 
property  of  being  JucHk  fmm  IWP  C  to  150^  C^  but 
imlow  or  ainme  t&U  ieis^fers^ire  U  u  britik,  Bver  aoee 
it  has  been  known  that  zinc  ia  tbos  aScfigd  bjr  beat^  it 
has  been  found  easy  to  overcome  tbe  difficulties  which 
formerly  opposed  the  conversion  of  thb  metal  (which 
l&  unpliant  when  cold)  into  abeeta  and  wire. 

Experimeni  d  ^-  Zinc,  when  heated  to  abottt  40(P  CL, 
mells^  OS  may  easily  be  seen  by  holciing  a  email  piece 
of  it  in  an  iron  »poon  over  an  alcohol  flame*  In  this 
case  a  gray  film  of  mtibo^ctde  is  likewtae  formed ;  bat 
this  after  a  time  assiitues  a  yellow  color,  and  k  «m» 
verted  into  o%idc  (Zq  O)*  On  cooling,  the  ycUow  eolor 
passes  to  white;  the  oxide^of  me  belongs  to  tho»e 
substancea  which  present  a  c^lor  in  the  beat  difletent 
from  the  color  at  the  ordinary  temperatujie, 

Hsiymimeni  e,  —  In  cbemieal  experimeiiti^  espectaOy 
ftir  the  evolution  of  hydrogen,  it  is  very  oonvetivent  to 
nae  zinc  in  the  form  of  amall  grains  (granulated).      It 

in  Tcry  eaaly  obtaixied 
in  this  state,  by  pottr' 
ing  the  mcHcd  metal 
tfaroogh  a  inoiateoed 
broom,  gently  shaldng 
it  whiles  it  b  held  orcr 
a  bafiin  of  water.  In 
this  way  the  other  ea^ 
«ily  fuMiblo  mciab  al- 
so, stK?h  an  lead,  tin, 
bjflmoth,  Sec,  may  be 
aitd  wilh  rnticli  fnoie  fa* 


abdivided  into  emaUer  finrlR. 
iity  than  by  filing  or  * 
Rq^erimffU  /  —  At 
30 


ticat,  zinc 
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raies^  and  bums  at  the  same  time,  with  a  bluish  flame. 
In  tills  experiment,  the  spoon  containing  the  zinc  rauiit 
be  placed  on  red-hot  coals^  that  it  may  become  h€»Ucr 
than  by  the  spirit-lamp-  A  beautifal  appeamuce  tf 
presented,  even  on  a  small  scale,  by  heating  a  piece 
zinc  upon  charcoal,  before  the  blow-pipe ;  the  metal  U 
soon  converted  into  a  loose,  spongy  mass  of  oxidej  lunl 
dnrhig  the  combustion,  blue  flames  burst  forth  Worn 
the  oxidized  coating.  The  oxide  is  not  voiaiile^  for  if 
it  were,  nothing  at  all  would  remain  behind.  The 
Hame  Is  caused  by  the  burning  fumes  of  zinc ;  the 
substance  formed  by  the  coinbuation  is  oidde  of  zinc 
This  is  called  oxide  prepared  in  the  dn/  wui/^  or  flowers 
of  zinCi  and  it  may  be  (reed  from  any  admixture  of  me- 
tallic  particles  by  elutriutitin*  Zinc  has  only  tUU  am 
degree  of  oxidation. 

Zinc  and  Adds. 

311-  All  diluted  adds  dissoK-e  zinc  with  ease,  wttb' 
the  evolution  of  hydrogen^  and  form   with  the  cniclo 
prodaeed  salts  of  zinc.     The  hydrogen  liberated  in  this 
way  is  much  purer  than  that  prepiirrd  witfi  "  fij 

this  account,  %mc  is  generally  employed  in  the  |  ^  l- 
tion  of  hydrogen,  namely,  for  Dol>erelner*fi  hydrogea- 
lamp,  balloons,  &;e^     If,  as  is  usually  done,  djl»  - 

pluiric  acid  is  taken  for  dissolving  the  zhic,  v,  _  ii  i 

on  evaporation  the  best  known  of  the  saltsi  of  xinc^  the 
sulplmt^  of  the  oxide  of  zinc^ 

312,  WhUe  Tariol,  or  SuiphiUc  of  Oxide  of  Zim 
(ZnO,  SO,-f7IIO). 

This  salt  crystaUizes  in  eolorhvs^t,  rbomboiilat  pm 
which  contaiji  nefirly  half  their  weight  of  watiu-  of^ 
tallization.     Sulphate  of  the  oxide  of  zijic,  oaUed  idso" 


white  Tttzbl,  ia  cwily  iuhibfe  in  irmto,  mai  : 
ployed  UB  m  cooling  ligiBftMHH 
matioo  of  tliocjpes*    Tolomblj  kige 

atli  mftj  be  prepoted  wiAoot 


Fi»1 


1^ 


the 


fiqaUb 


acicL  The  hlecit  intlttinrr  wlpeli 
bam  Ibc  Aoliitiion  irf  sifie  k  far  tiie  i 
ebsieoel,  &  Uttle  of  vUdi  aNrefv  u 
zinc  on  tbe  tiocalliiig  of  H  bom  t£»  < 
it  b  noi  fldoUe  in  add9»  H  ohkI 
hind  on  difioolnog  tlie  aetaL 

AH  the  salts  of  zttic  aie 
cite,  wben  iotiodQiood  into 
Imi  rotnitiog;  milkt  white  of  cgB% 
loyed  as  antidoteflL 


^ 


ExpetimaUM  wUk  WUie  VUrioL 

tL)  Prepare  a  ioIatioQ  of  white  Yitnol^  end  mid  to  it 
or  patmmL     A  while  prectpitale  of  h§dr^iiJ 
^  zimc  is  fonocd,  u  Klf^i  cfiuolteft  agiai  in  «n 
excess  of  the  alkali 

&)  SOfhrnHcf  ^mmommm;  befealso  «  white  pae^ 

ipttftte  is  ptodoced;  lUi  is  m^t/kmni  t^  »ic      IVs 

ehmviofir  of  ;cioc  is  taken  ndreiitsge  of  to  dirttitgnish 

to  sepemte  it  Iniin  other  m^lals.     Balpboirt  of 

ino  elto  oocom  oataire,  hiit  tbea  it  has  %  led  or  s 

brown  color,  mod  is  celled  simt  btemi€*    From  this  an^ 

by  roesttfi^  weetheringi  sod  fiii^i^ion,  wUle  riimi  is 

^prepared,  preei»dy  in  the  mmm  mmtma  ns  gpaea  Tityiol 

js  obtaiiuxl  from  tnlphnrrt  of  koo. 

c.)  Qirbomtte  of  wda;  cofbomaU  of  Ae  kifdnOcd 
^4mde  of  sine  is  obtaiiieid   liheviM!  in  the  form  of  e 
rUte  precipitate.    If  this  is  dried,  after  hariog  b 


I 
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previoasly  washed  with  water,  full  one  half  of  the  csu> 
bonic  acid  passes  off;  when  heated  to  redness,  all  tlic 
carbonic  acid  and  the  oxide  of  zinc  remain  behind. 
The  oxide  thus  prepared  is  called  oxide  of  zinc  pre* 
pared  in  the  moist  way, 

313,  Carbonate  of  zinc  occurs  also  in  nature  moi 
abundantly^  in  Sile&iaj  Westphalia,  and  Belgriim  ;  it 
the  most  important  xinc  ore,  and  from  it  the  mettiUk 
zinc  is  always  j>repared  in  the  above-mentioned  place 
The  miner  c;ills  this  ore  calamim. 

314,  Preparation  of  Zim,  —  In  order  to  convert  the 
calamine  ijito  metallic  zinc,  the  carbonic  acid  and  oxf 
ygen  must  be  expelled.  The  first  is  eiiecttd  in  ih 
same  way  as  with  carbonate  of  lime,  by  calcining  in 
furnac^Sj  and  the  latter  in  the  f^imm  way  ns  wifh  the 
iron  ores,  by  heating  to  redness  mth  charcoaL  But  ilie 
process  of  redaction  cannot  be  conducted  in  open  fur* 
naees,  for  in  them  the  reduced  asinc  wonld  evaporat 
and  burn  up  in  the  air,  forming  again  oxide  of  Tine 
no  that  from  oxide  of  zinc  in  the  furnace  we  shouhl 
only  obtain  oxide  of  asinc  in  the  air.  It  is  rather  a  pro- 
cess o{  dMillution  than  of  melting  that  we  must  ojidcr- 
take*     Clay  cylinders  or  muffles  are  employed  for  con* 

^(^  i^y  ducting  the  distillation.      Several  af 

these  are  ranged  in  circles,  or  are  p^'  ^ 
one  above  the  other  in  a  fun 
The  annexed  figure  h  a  repre?*rnts 
tion  of  a  muffle.  On  the  front  tddi 
of  it  u  a  projection  made  of  bent 
chiy,  throngh  which  the  two  griiseons  substances,  car- 
bonic oxide  gas  and  zinc  fumes,  which  form  durlnj 
the  heating  of  the  roasted  ore  and  clisLrcoal,  may  escape 
The  xinc  condenses  mostly  in  tlie  tube,  and  falU  dm 
in  drops,  as  metal,  into  a  vesad  containmg  water.    TbI 


CABMltTJt.  —  Tin. 

I  again  to  be  melted  and  cast  into  sheets,  Tlie  zinc 
of  commerce  alw^ya  coa tains  an  admix tttre  of  stnall 
qtiatititirs  of  iron  anrl  Irad!  If  the  amouiit  of  lead  is 
more  than  one  and  a  half  per  cent,  then  the  ^inc  re- 
mains britdcj  even  when  heated,  and  cannot  be  rolled 
out  into  sheets. 


CADMIITM  (Cd). 

315,  Cadmium  is  a  rare  metal,  and  may  be  regarded 
as  the  twin  brotbef  of  ssinc,  in  the  ores  of  which  it  is 
found  in  small  qiinntltie.^.  It  b  chiefly  distingiiiiihcd 
from  zinc  by  its  malleability  when  cold,  and  by  being 
preeipitatetl  from  its  solntion  by  scdphiiiettcd  hydrogen 
as  yellow  mtlphurel  of  cadmium.  As  already  mentioned, 
this  n*agcnt  gives  no  precipitate  with  the  salts  of  zinc, 
but  the  latter  is  thrown  down  by  sulphnrct  of  ammo- 
ninra,  as  wkiie  snlphurei  of  zinc. 

TIN,  STAI^NtJM  (Sn). 
At  Wl  =  750.  --Sp,  Or.  =*  7.8, 

316.  IVit  ifi  one  of  the  few  metals  which  were  known 
in  the  most  ancient  tunes.  It  becomes  flnid  at  a  very 
moderate  heat,  at  230^  C,  and  in  many  conntTies  its 
ores  are  found  in  the  sand  with  which  the^snrfaee  of  the 
aoil  19  covered;  therefore  it  was  eamly  obtained  and 
easily  smelted.  Formerly  tt  was  brooght  principully 
from  the  British  Islands,  which  were,  therefore,  called 
also  Tin  Islandji,  and  even  at  the  present  time  they, 
together  with  fllalacca  in  the  East  Indies,  furnish  the 
purest  tin.  The  properties  which  especially  characterize 
tin,  and  render  it  a  very  vain  able  metal,  arc  its?  bcnntiful 
lustre,  and  its  great  softness  and  tiexibility, — ^ita  slight 
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affinity  for  oxygen,  in  consequence  of  which  it 
retains  ita  brightness  in  the  air  and  in  watisr^^lts  i 
fusibility,  which  renders  it  peculiarly  well  adapted  fof 
castings  and  for  coating  other  mctab  {timdng').  It  has, 
indeed,  lost  roach  of  it^  earlier  importance  as  a  maite- 
rial  for  making  many  vcsscU  of  domestic  use,  such  aa 
dishes,  cans,  &c.,  since  snch  articles  are  now  hand*j 
somely  and  cheaply  manufactured  from  glass  and 
celain*  But  it  is  now  applied  in  the  arts  and  trade 
in  a  variety  of  ways  not  formerly  in  ttBc*  In  the  older* 
works  on  chemistry,  it  ia  called  JupUer^  and  has  the 
q^mbol  2f* 

317,  Ktperimenis  with  Tin. 

IkperimenL  —  Heat  a  piece  of  tin  upon  charcoal  be- 
fore the  bbw-pipp  ;  it  will  soon  become  covered  witli  \ 
powder,  of  a  yellow  color  when  hot,  but  white  whei 
cold  ;  this  h  peroxide  oftin^  a  combination  of  one  atoiu 
of  tin  with  two  atoms  of  oxygen  (Sn  O^),  Peroxide 
tin  thus  obtained  is  noi  soluble  in  an^  acidj  and  caniid 
be  fused  by  the  strongest  heat  It  is  so  delicate  a  pow- 
der, that  it  is  often  used  for  poli slung  glass  and  metiiU»>| 

Tin  also  occurs  native  as  an  insoluble  o?tide,  eithti 
crystallized  (crystals  of  tin  ore),  or  scattered  through  va- 
rious kinds  of  rocks  (tin*stone  of  Saxony  and  TJoheniia) 
or,  finally,  as  an  ingredient  of  the  sand  or  debris  of  ion 
grounds  in  many  countries  (wood-tin  in  England)*  Ox- 
ide of  tin  is  the  only  ore  from  which  tin  h  largHy  cxtrac 
ed ;  its  most  common  admixtures  are  iron  and  arseaicul 

MrperimenL — Place  two   gniin^  of  tin  and   mgM 
grains  of  lead  on  charcoal,  and  heat  them  h* ''       ^Vr^ 
blow-pipe;    they   meU    and   combine   most   if 
wtlh  cacli  other;  an  alloy  of  tin  and  hmd  {»  ■ 
If  this  jjs  beutiKl  to  rcnlness,  the  osddation  procct-u^ 
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tapidly,  that  the  mass  takes  on  a  li%^Iy  motioiij  and  con- 
tinaea  to  glow  even  "when  it  ia  removed  from  the  fire.   In 
this  manner  the  potter  prepares 
^^  ^^  the  porcelain-like  glaze  for  eartli* 

en  baking-pans,  and  for  Ddft 
ware.     Add  some  powdered  bo* 
rax  to  thia  mixture  of  oxides  of 
lead  and  tin,  and  form  with  it  a 
bead  upon  platinum  wire ;  the 
bead  ia  not  transparent,  but,  ow- 
ing to  the  presence  of  the  infusi- 
ble peroxide  of  tin,  is  opaque,  and 
looks  like  porcelain  (enamel). 
il9.  AUoy$  of  tin  and  lead  are  generally  used  by 
workers  in  metal,  tinder  the  name  of  solder^  for  join- 
ling   metals   together    (soft    soldering).      Solder  ia  to 
the  tinman  what  glue  is  to  the  carpenter*     An  alloy  of 
two  parts  of  tin  and  one  part  of  lead  is  the  most  easily 
J  fusible,  and  is  called  ^m  solder*     Another  alloy,  used 
lln  the  soldering  of  coarser  articjes,  such  as  gutters,  is 
1  composed  of  two  parts  of  lead  and  one  part  of  tin,  and 
lis  called  coarse  sohler ;  it  is  so  thick  that  it  does  not 
I  spread  of  itself,  but  must  be  applied  by  smearing.     For 
>ldering  those  metallic  articles  which  are  to  be  subject- 
ked  to  a  stronger  heat,  bmss,  or  some  other  alloy  of  dilfi- 
l^ult  fusibility,  is  made  use  of  (hard  solder  or  brazing). 
Some  lead  is  added  even  to  the  tin  of  which  the  tin- 
Lman  makes  his  artides,  because  pure  tin  is  somewhat 
["brittle,  and  does  not  adapt  itself  well  to  the  moulds* 
The  quantity  of  lead  wliicli  can  be  added  to  tin  is  in 
many  countries  regulated  by  law  (1  to  |).      Such  an 
Joy  Is  called  proof  tin^  to  distinguish  it  from  refined 
grain  tin,  which  is  tin  in  its  greatest  purity*     If  uii 
]»  such  UB  is  Qsed  in  cookery,  be  poured  on  proof  tiU| 
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the  tin  only  h  dissolved;  tin  has,  accordingly,  the  power 
of  protecting  lead  from  the  attacks  of  acids. 

Tin  cmd  Muriatic  Acid, 

319,  The  most  important  solvent  of  tin  is  muriaiic 
acid;  the  two  most  important  salts  of  tin,  protochloridc 
and  pcrehioride  of  tin,  are  prepared  by  means  of  it 

Froiochloride  of  liih—ExperiimnL—Flom  in  two 
porcelain  bowls  or  earthen  pots  some  tinfoil^  and 
tlien  add  some  muriatic  acid  to  one  of  the  portions. 
After  some  hours  pour  tlua  acid  upon  the  tin  of  the 
second  vessel,  and  then  again  into  the  first  vessiel,  re- 
peating the  process  so  that  the  metal  raay  come  in 
contact  for  some  days  alternately  with  the  air  and  the 
muriatic  acid  Protoxide  of  tin  h  formed  by  tlie  oxy- 
gen of  the  air  ;  it  is  dissolved  by  the  add*  We  thus 
obtain  a  solution  of  the  muriaU  of  pmloxide  oftiih  w 

iprotocfdoride  of  Un^  from  which,  on  cvv  a  and 

cooling,  colorless  rhomboidal  prLnms  are  <;  _         d*     In 
ccmmcfce  this  salt  is  called  saU  of  tin.     It  possesnes,  !ii 

L  common  with  the  salts  of  protoxide  of  iron,  the  |m>p- 

I  crty  of  attracting  with  great  avidity  still  more  oxygen 
from  the  air,  and  chajiging  into  a  peroxide  suit  ThfiA 
'   explained  why  the  salt  of  tin^  which  has  ^         '>r 

Reome  time  exposed  to  the   air,  no  longer  ji  a 

clear^  but  a  milky,  solution*    To  obtain  a  clear  solutioa, 
muriatic  acid  must  be  added,  which  combined  with  the 

Pprecipitatcd  peroxide  of  tin* 

320,  Ptot4}xide  of  Tin  (Sn  O). — Experinicni.  —  Pom 
pome  ammonia  upon   a  solution  of  »alt  of  tin;  the 
?lute  precipitate  which  is  furriied  is  hydrated  protoxide 
of  tin.     By  boiling  the  solution^  the  conibinatiou  of  tim 
protoxide  and  water  h   I  ^1,  and  mi  :r  ii 

pfotoxkii:  of  tiniflfoimca,  ,,.  has  ^»  i7»rl.^,^^..  ^^\^ 


i 


or,  and  must  be  quickly  washed  with  boiled  water  and 
dried,  as  it  likewise  attracts  more  oxygen  from  the  air< 
If  yoa  heat  the  dried  protoxide  before  the  blow-pipe, 
it  burnB  with  great  briskness,  like  tinder,  formlDg  per- 
oxfdc  of  tin, 

32 L  Perchloride  of  Tin  {SnClt).—E3penmenl.— 
Add  chlorine  water  to  a  solution  of  salt  of  tin,  no  HI 
tJic  odor  of  chlonnc  is  no  longer  destroyed.  Sn  CI 
b  tliereby  converted  into  Sn  Ck^  or  perchhnde  of  thu 
This  combinution  can  also  be  obtained  by  boiling  a 
solution  of  salt  tjf  thi  in  a  mixture  of  muriatic  aeid  and 
nitric  acid,  or  by  dissolving  tin  in  aqua  regia-  Tlie 
dyers  call  this  liquid  pertnuriatc  of  tin,  tin  mordant,  or 
red  spirits.  By  the  addition  of  ammonia  peroxide  of 
tin  U  obtained^  which  h  distinguished  from  that  formed 
at  §317  by  it^  dit^solving  vt^rt/  eanir/  in  acids* 

Frotoxide  and  pcrojcide  of  tin  dissolve  ako  in  pofassa 
lye,  and  comport  themselves,  like  alumina  {^2G0),  as 
acids  towawls  strong  ba^es. 

322*  ExperinKuL  —  If  a  few  drops  of  a  solution  of 
gold  arc  added  to  a  very  djluti-d  solution  of  protochitN 
ride  of  tin,  a  piirple-red  preci]>i(ate  is  formed  (but  not  in 
a  solution  of  pcK^hloridc  of  tin),  which  is  called  purjfic 
of  CassitiSy  or  gold  piirph^  and  is  one  of  the  most  im- 
portant vitrlCnble  pigments,  beeaiise  it  produces,  when 
fused  into  gla&s  or  porcelain,  the  most  superb  purple- 
red  color.  Sohition  of  gold  is  a  good  h  "  ^  -  the  salts 
of  the  protoxide  of  tin* 

323.  Erperim^nL — Mix  a  decoction  of  Brazil-wood 
with  prof  '  '  '  or  prrchloridc  of  tin;  the  yellowii*h* 
red  color '  [uid  is  converted  into  u  beautiful  crim- 

Bon^rcd.      Himilar  a^Ivantageous  changes  of  color  are 

Cilso  cJTected  by  ihei^i*  siilu  in  other  r    V  ,  ^^ 

Knd  on  this  aeeoont  they  are  very  fr.  .  _;    : 

so-called  mordmtts  in  dyeing  and  caLico-printing. 
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Tin  afid  Mirk  Acid. 

324-  ExptrimenL — ^Hcat  some  gratiiB  of  tin  wtili| 
nitric  acid  in  a  test-tube ;  the  tin  is  converted,  under  i 
brisk  evolution  of  yetluvv  fiunesj  into  a  wbite  powderJ 
peroaHde  of  tin.     Tbc  nitric  acid  mil  [perhaps  concert  I 
the  tin  into  an  oxide,  but  it  cannot  combine  with  the ' 
oxide   produced.     The  peroxide  of  tin   thus   obtained  i 
combines  indeed  with  other  acid^,  bat  not  so  camplcieljfi 
as  that  obtained  according  to  §  321 ;  that  prepared  by 
heating  does  not  al  ail  unite  with  thera,  as  has  bccfi 
already  stated  (§317).     Peroxide  of  tin  accordingly  oc- 
eojs  in  three  isomeric  states ;  namely,  tli^   '       *   *  '     the 
veiy  easily  soluble,  and  the  dillieultly  Si^.  ,l1^ 

Tifi  and  Sulphur. 

32f5,    ExperimmL  —  Salj^huretted    bydrogi*ii    water | 
prodneeSj  in  a  solution  of  protocldoride  of  tin^  a  tedi 
brown  precipitate  of  protosufphurct  of  im  (Sn  ^" 
in  a  solution  of  perchloride  of  tin  a  yellow  prt'^ 
of  bisniphiirct  of  tin  (Sn  Sj.    It  k  obvious,  that  in 
first  ca»c  one  atom  of  chlorine  is  replaccil  by  one  titoinl 
of  sulphur,  ajid  in  the  latter  case  two  atoms  of  i -hit 
by  tu'o  atoms  of  sulphur. 

Protomilphurtt  of  Tin  (Sn  S).  —  Ejjferime/U,  — , 
thei^e  metallic  riulphurets  may  be  prepared  in  the  dr 
way-    Euvclop  13  grains  of  flowers  of  sulphur  in 
piece  of  tinfoil^  weiglung  f:^  -<,  tlien  roil 

packsigt!  m  that  it  may  be  i.  .     ...jed  into  a  te„,  , 

ftnd  heat  it ;  half  of  the  autphur  bums  np,  hot  the  other 
huli,  under  a  li  i  imrs  with   the   iitij 

fonning  a  bro  \  .         ji   a  inetaltic  lusl 

(Sn  S).    If  you  isprinkle  (he  glas^  while  aUU  hnt, 

It  in  rendered  friabte,  and  ean  easily  be  Be(mml 


ffoin  ibe  fused  protosulphurct  of  im.    The  weight  of 
the  latter  amoanta  to  nearly  thirty  grains. 

BisufphurcS  of  Tin  (Sn  B,)* — isLi-penm^ff^  ^  Pulver- 
ise the  thifty  grains  of  protosulphuret  of  tin   thus 
obtained,   aod    mU   the    powder 
ri^4o.  ,   intimately  with  six  grains  of  buU 

^B  JSh  P^^^  ^^^    twelve    grains  of  sal 

^^  f   1  nmrnoniac;  put  the  mixture  into 

I  ^iS^^H'  ^  ihiiHbottomed  glass  lla^k  of  an 

I  if^^Spli  ounce  capacity,  and  heat  it  for  an 

^B    If  .jULI  I  houi  and  a  half  In  a  sand'hatlu 

^V  f  ^T^fcl  You  obtain  bis  ulph  are  t  of  tin  J  but 

^B^^d9^^^     in  this  case  as  a  masa  having  a 

golden  luBtro,  and  to  which  the 
name  aurum  mtirimim  or  nwsaic  gold  has  been  given. 
It  may  be  used  for  giving  a  gold-like  coating  to  wood, 
gypsum,  clay,  ice,  {br  K     The  sal  amnioniac  ia 

fotiud  again  as  a  sul  in  the  upper  purfton  of 

the  flaak;  it  promotei  the  formation  of  the  beautiful 
gold  color,  without  itself  undergoing  or  producing  any 
chemical  change- 

ZM*  Pteprn'olion  of  Tin*  —  Tin  is  prepared  in  smelt- 
ing-hous€»j  in  a  very  simple  manner,  from  tin-stone 
(peroxide  of  tin).  The  finely  stamped  ore  ia  firat 
roasted,  by  which  process  the  arsenic  is  volatilked  and 
the  iron  oxidized*  Then  it  is  washed  or  elutriated 
with  water,  whereby  the  hghter  partielea  of  stone  (the 
g-angue)^  and  to  a  great  extent  also  the  oxide  of  iron,  arc 
wa!?hed  away.  Finally ,  it  jh  fnsed  with  charcoal  in  a 
blovvtng-furnacej  and  carbonic  oxide  gas  and  metallic  tin 
are  obtained,  the  latter  qf  which  flows  off  below.  The 
Saxony  tin  id  usually  cast  in  thin  shect&f  and  the 
Uah  tin  in  slender  bars.  Most  of  the  tin  of  eommc 
contains  traces  of  arsenic  and  other  metals.    A  bar  of 
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tin  emits  a  gratijig  sound  on  being  bent,  and  by  repeat- 
ing the  ope^tion  several  times  in  succesaionj  it  becomes 
Tery  hot;  the  reason  is,  that  the  tin,  on  hardeidng, 
assumes  a  crystalline  texture,  and  these  ciystalline  pai- 
ticles  aie  displaced  by  the  bending,  and  rub  against 
each  otlier-  These  crystals  may  be  very  beautifully  pro- 
duced upon  tlmied-iron  sheets, 

ExperimeTd,  —  Heat  a  piece  of  tin  plate  (tinned-ifOD 

■  plate)  upon  a  tripod,  over  a  spirit^ 

^^    *'  lamp,  tUl  the  tin  is  melted;  then 

jf^  ttJT^ni  quench  it  with  water,  that  the  tin 

may  harden  qnicldy*     The  smface 
of  the  plate  has  a  dull  gray  aspect, 
for  it  is  covered  with  a  film  of 
oxide ;  but  the  most  beautiful  crys- 
talline figures  will  very  soon  appear  upon  it  by  rubbing 
it  alternately  with  balls  of  paper,  one  of  which  is  raoi^^ 
tened  with  diluted  aqua  regia,  and  the  other  with  po- 
tassa  lye.     Both  these  liquids  dissoh^e  the  coating  of 
oxide,  and  lay  bare  the  pure  metallic  tin  surface  (mQiri 

327,  Tinnuig:  —  ExperimenL — The  method  of  coat- 
ing copper  or  brass  with  tin  has  already  been  described 
(§229).  This  may  be  done  also  in  the  moist  way,  by 
heating  to  their  boiling  point  finely  divided  tinfoil,  or 
tin  scrapings,  in  a  pot  with  cream  of  tartar  and  water, 
and  then  boiling  for  half  an  hour  in  this  liquid  some 
brightly  polished  copper  or  brass  articles;  as>  for  in- 
stance, cents  or  brass  nails.  The  free  acid  of  the  cream 
of  tartar  effects  a  solution  of  some  of  the  tin,  and  on 
longer  boiling  this  tin  will  again  separate  as  a  metal 
upon  the  more  electro-positive  copper  or  brass,  as  in 
f  284.     In  this  manner  pins  are  tinned,  or  whitened, 

Ekpenment*  —  Let  some  vinegar  stand  over  night  in 


a  ytmel  of  tin  plate,  and  ttien  test  it  with  a  solution  of 
gold;  the  ptirplish  color  which  forms  indicates  tliat 
nven  the  weak  vinegar  can  dissolve  tin.  Tin  is  not  in* 
deed  so  poisonous  as  lead  or  copper,  bot  yet  it  is  in* 
jnrioas  to  Iienlth ;  thetf  forc^  add  food  and  drinks  should 
not  be  allowed  to  stand  for  any  length  of  time  in  tin  or 
in  tinned  vessels, 

Spurums  siher-kaf  i&  made  of  an  alloy  of  tin  and 
seine,  which  is  hanuncred  out  into  extreraely  thin 
leaver 
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UBAMtrM  (UJ. 
At.  Wt,  ^  750-  — Sp.  Gr.  =^  T 

338.  Urarmm  i»  one  of  tlie  mrer  metals,  and  occurs 
combination  with  oxygen  in  a  black  mineral  called 
pitch-blrndc,  found  in  Snxony.  From  it  is  prepared 
lh«  uranatc  of  ammoniaj  a  bcantifol  yellow  powdcf, 
known  in  commerce  under  the  name  of  oxide  of  urw 
nium.  At  a  white  heat  it  h  reduced  to  black  protoxide, 
and  yields  a  Yury  permanent  black  pigment  for  painting 
on  porcelain.  Tbe  yellowish-green  (may-green)  glaas, 
now  90  popular,  likewise  owes  ita  color  to  the  ojdde  of 
itmnium* 

The  following  metals,  Ckrium,  Ltmilmmmn^  and  Di- 
dtfrniunh  ^re  mentioned  hare  only  by  name,  as  chemical 
rariliee. 


^H       EETBOSFECT  OF  TIDE  FIRST  GROUP  OF  HEATT 
^M  METALS. 

Mrty  c 
^Bednei 


1*  Tbe  mctuJ-  liiihirfo  considered 

ty    of  deCOTn"'-i'i  r   v.,itrr.    U  ]irH     lli 

Si  or  V 
•  '41 


posLog  metals)  j  therefore  diluted  adds  wm  cmplojred 
for  dissolving  tbenit 

2.  At  their  lowest  degreea  of  oxidation,  tbey  ttie 
strong  bases, 

3.  None  of  these  metalB  are  found  pure  in  natufe; 
they  most  frequently  occur  as  OMdes^  cousequenUy 
combined  with  oxygen, 

4-  The  specific  gravity-  of  these  metala  is  from  6^ 
to  8-8. 

5*  Iron,  manganese,  zinc,  cobalti  and  nickel  aic  not 
precipitated  as  sulphurets  from  their  acid  solutions  by 
Bulphuretted  hydrogen,  but  only  by  sulpliuret  of  anirtii^ 
nium  (all  the  other  heavy  metals  are  converted  by  cither 
of  the  solutions  into  sulphurets)*  This  fact  H  made 
available    in    analytical    chcmifetry,   as  an   ir  t 

means  of  gcparating  the  above-imined  {electro-;  ; 

from  the  other  (electro-ncgalive)  metals. 


SECOND   OBOUP   OF    EEAVY   METALS. 

LEAD,  PLUMBUM  (Pb). 
AU  Wu  —  1294  —  8p,  Gr*  =  1 1 3. 
329.  Next  to  iroHj  lead  is  the  most  widely  dJilUa 
and  the  cheapest  metal ;  it  is,  at  the  same  Ume,  al^ 
very  useful,  not  merely  t>ecause  we  cast  shot  and  ty| 
from   i^   and  construct  sulphoric-acid  chambers  of 
bpt  alio  on  account  of  the  many  useful  conibloatioil 
which  it  forms  with  oxygen  and   the   acida. 
metal   appears    as   an   enemy   to  human   hc"s!  ^ 

however^  openly,  but  under  the  mask  of  fru..,.  ..,4 ; 
for  It  conceals  its  noxious  effecta  behind  a  sweet  taste^ 
which  is  pccnliar  to  tnot*t  of  t  •inationi*     T 

aSects.  moreover,  do  not  maij  .rii-;*-Jtr*»«  iml:it^«- 


ately  when  the  lead  enters  the  system  ;  it  is  often  only 
after  the  lapse  of  yei^m  that  they  appear  (lead  colic)* 
It  is,  for  this  reason,  classed  among  the  slaw  poisom. 
Perhaps,  atsM3,  thb  was  the  reason  why  it  was  formerly 
eompared  with  the  god  of  time,  and  received  the  name 
of  Ssiturn  and  the  algu  ^*  The  external  properties  of 
leadt  its  lustre,  its  easy  fuaibilityi  its  softncas  and  pli- 
ublhty,  its  high  &]K^cific  gravity,  &e,,  are  well  known; 
therefore  we  shall  proeced  at  once  to  the  oonsidefation 
of  ibs  interna)  or  eheniieul  character. 

Ejcpcrimenis  wUh  LeatL 

330.  Experiineni,  —  Pour  into  one  glasa  distilled  wa* 
ter,  into  another  spring-water^  and  place  in  each  a 
piece  of  leacl ;  tht*  distilled  water  soon  becomes  turbid, 
and  reacts  basically,  but  not  so  the  spring-water.  Pure 
water  retidily  attacks  lead|  and  t^onverfs  it  into  hy- 
drated  oxide  of  lead;  in  spring-water,  on  the  contrary, 
there  is  formed  in  time,  by  the  sulphat4.^s  almost  always 
'present  in  it,  some  insoluble  sulphate  of  lead,  wliich 
prms  a  firm  coating  upon  the  metallic  lead,  Thia  ex- 
the  harmlcssnesa  of  leaden  pumps,  which,  in 
'many  countries,  are  quit^  genenUly  used  instead  of 
wooden  pumps, 

33L  Kiqmrimeni.^^  If  lead  is  heated  before  the  blow- 
pipe in  the  eEterior  Hame,  it  melts  at  about  320^  C,  and 
k  thereby  eoaied  with  a  gray  film ;  indeed,  it  is  tinally 
entirely  converted  into  a  gray  powder.  This  may  be 
,  1  I  either  as  suboxide  of  leadi  or  as  a  mixture  of 

lead  with  metallic  lead*  By  eoutinued  blow- 
ing,  this  gray  color  is  changed  to  yellow;  the  yellow 
body  IS  pmioruie  of  '^^f  O).     At  ii  stronger  heat 

Losiide  meltSf  and     on  cooling  into  a  reddish 

maas,  oompoitcd  of  brtUiani  scales^  tlie  well 


I 


J 


HEAVY   MBTALS. 

known  Uiharge,  By  directing  upon  it  the  miwr  Wciw- 
pipe  flame,  metallic  lead  will  again  be  obtuinf^l.  Tliis 
sy  reducible  a  esS)  which  is  peculiar  to  almost  all  salts 
lead,  togetlier  with  tbe  incrustation  of  yellow  ocdde^ 
tposUed  vpon  ihe  charcoi^  is  a  certain  teat  for  the  pre^ 
of  lead. 

ide  of  kad  containsj  for  every  100  pounds*  of  lead, 
8  pounds  of  oxygen,  or  one  atom  of  lead  (1294)  and 
one  at43m  of  oxygen  (100) ;  lead,  consequent! y,  i»  erne 
of  those  chemie^Iy  feeble  bodies  which  have  a  vrry 
high  atomic  weight,  since  1295  pounds  of  it  i^ 
to  accomplish  only  as  much  aa  350  pounds  of  iio*.» 
or  407  pounds  of  zinc.     Protoxide  of  Icsnd  in  th€  fonn 
of  iitkarg'e  has  a  veiy  great  application  in  the  arta  and 
trades.     How  lead-glass   (flint-glass),   lead-gl-  •-    -id 
sugar  of  lead  are  prepared  from  itj  hiisi  already 
scribed;   the  manufacturing  chemist  likewise  preparer 
firom  it  red  lead,  white  lead,  and  other  lead  eolor»,  and 
lead  salts;  the  apothecary  compoutids  inBolublc  anap 
(lead  plaster),  by  boiling  it  with  oUvD^til;  tbe  eabinoj^H 
maker  makes  a  varnish  that  dries  rapidly,  by  h  ^  -  ^  |^ 
with  Un§eed  oil,  &c*     The  English  litharge  i^  J 

the  purest;  that  of  Saxony  and  Goslar  always  con ; 
all  quantities  of  oxides  of  copper  and  iron,  pmmjia 
so  a  little  silver.     The  preparation  of  it  no  a  large 
scale  will  be  described  under  ailver.     By  melting  li* 
[large  in  a  Hessian  cnicibk,  a  browr    *  n  .  .  tnms- 
arent  gla&s  is  obtained  on  cooling ;  is  of 

ide  of  lead  combined  witli  some  ailicic  nod.     Ybfi 
acid  came  from  tlie  crneible* 
Red  Oxide  cff  Lca<L -^  Ex^ftrimenL  —  Hifnl  in 
ladle  one  dram  of  litharge  and  a  quaiter  of  a  dram  of 

ilorutc  of  potfi!<sa;  the  yellowish  rrr   '  "^      ' '  '  th 

a  red  jjowderj  which  must   be   v.  ti 


Hl^ 


LEAD, 


water.  The  same  thing  happens  on  heating  the  li* 
tharge  for  a  day,  but  not  to  tho  roelting  point,  and  at 
the  same  tirae  frequently  atirriiig  it.  In  both  cases  the 
litharge  feceives  one  third  more  of  oxygen  j  in  the  fof- 
mcr  case  from  the  chloric  acid,  in  the  second  case  from 
the  air;  and  is  thereby  converted  into  PbjOi;  tliis 
compound  is  called  red  oxid€  of  lead^  or  mimum^  and  is 
much  UBod  as  a  Bcarlet  pigment. 

333L  Peroxide  of  Lead  (PbOs,).^ — KxperimenL  — 
If  you  heat  some  red  lead  gently  in  nitric  aeid  for  a 
few  minut-cs,  it  m  resolved  into  an  oxide,  which  dis- 
solves, and  into  hr/penuide  (Pb  Oj),  which  remains  un- 
di3aoIv«!d  WB  a  dark-brown  powder.  Lead  is  one  of  the 
few  metals  wliich  eombitic  with  oxygen,  forming  hyper- 
ojude^. 


k 


Lead  mid  Acids. 

334.  The  best  solvent  of  lead  is  nitrio  acid.  8ul« 
phnric,  phoipboricY  and  muriatic  acids  caufmi  dissolve 
leadt  because  they  form  with  it  insoluble,  or  very  diffi- 
culdy  soluble  salts.  As  protoxide  of  lead  is  easily 
made,  the  most  advantageous  method  of  preparing  the 
salts  of  lead  is  by  dissolving  the  protoxide  in  acids,  be- 
cause tliat  portion  of  the  acid  is  thereby  saved  which 
would  otherwise  have  been  required  for  tho  couversion 
of  tlic  k*ad  into  the  oxide  of  lead. 

Mlfoie  of  Lead  (i^b  O,  NO^)  has  already  been  pre- 
pared in  two  ways  (§  160). 

335.  &dphate  of  Lead  {I^bO,  SO,)  (§  173).— This  salt 
is  easily  formed  by  simple  or  double  elective  affinity, 
when  sulphuric  acid  or  sulphate  of  soda  is  added  to  a 
^^^hition  of  lead.  Even  in  a  f^olutiou  of  Iced  more 
BSban  a  thousand  iimt^  diluted^  a  white  turbiduess  is 
[     produi 


produced,  siuoe  the  sulphate  of  lead  m  an  eutif dy  in- 
31' 
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soluble  salt;  we  have,  accordingly,  in  sulphuric  acid,  a 
Tery  delicate  test  for  salts  of  lead-  This  salt  is  ob- 
tained in  great  quantities  in  printrWorks>  as  a  secon- 
dary product  ill  tiie  preparation  of  tlie  acetate  of  aiu- 
mina  (alum  niordmU)  from  sugar  of  lead  and  alom 
(^262)-  ■ 

336,  ailoride  of  Lead  (Pb,  CI).  — £rpmWw/*— ^ 
Heat  to  boiling  one  dram  of  litharge,  with  half  an 
ounce  of  muriatic  acid  and  half  an  ounce  of  water^ 
and  decant  the  clear  liquid  from  the  aediment  iritiD 
a  glass  vei^sel;  you  obtain,  on  cooUng,  lustrous  white 
acicular  crystals  of  cliloride  of  lead  (horn-lead).  This 
salt  is  but  very  sparingly  soluble  in  water. 

MrpcHmenL  —  if  two  grains  of  litharge  and  fifteea 
grains  of  sal  ammoniac  are  fused  together  in  an  iron 
spoon,  there  is  obtained  a  combination  of  a  small 
quantity  of  chloride  of  lead,  with  a  large  proportion  of 
oxide  of  lead,  in  the  form  of  a  brilliant^  yellow,  lami- 
nated mass,  which  when  triturated  yields  a  handsome 
yellow  powder.  This  powder  is  used  by  painters  under 
the  name  of  Cassel  or  mineral  yellow. 

337-  AjcHale  of  Oxide  of  Lead  (PbO^  A  +  3  HO), 
combined  with  one  seventh  of  its  weight  of 
water  of  er)*staIlization,  fonus  the  most  im* 
portant  soluble  salt  of  lead,  syg^ar  of  lead 
(§  198),  which  commonly  crystallines  in  foui^ 
sided  prisms-  On  exposure  to  the  air,  some 
of  its  acetic  acid  is  driven  off  by  the  carbonic 
acid  of  the  air,  and  the  salt  then  yields  with 
water  a  turbid  solution,  but  which  may  be  rendered 
transparent  by  adding  to  it  a  few  drops  of  acetic  acid. 

Basic  Acetate  of  Oxide  of  Lead  is  prepared  by 
digesting  a  solution  of  sugar  of  lead  \viih  oxide  of 
lead,  whereby  part  of  the  gxide  of  lead  is  dissolved 
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Thift  combination  is  kept  in  the  apothecarips*  shops  In 
a  liquid  fonii,  uiulpr  the  name  of  solution  of  mtbacrfaie 
of  kadi  or  Gautanfs  extravU  When  mixed  wUh  spring- 
water  it  fonns  the  so-called  kad-wutef^  which  has  a 
milky  nppearanee,  been  use  some  carbonate  of  lead  is 
formed  and  separated  by  the  carbonic  acid  of  the 
watpr, 

l\dB.  Tiirirate  of  Omd€  of  Lead.  —  ExperimenL  — 
Mix  a  solution  of  two  grains  and  a  half  of  sugar  of 
lead  with  a  sohition  of  one  grain  of  tartaric  acidj  the 
wJtite  precipitate  formed  is  collected  on  a  filter,  washed, 
and  tlricd ;  it  is  nisolublc  tartrate  of  lead. 

Expcrimenl. —  Fill  a  small  phial  one  third  full  of  dry 
^H^  tartrate   of  lead,  and  heat  it  in  a 

^^P  **  sand-bath  over  a  spirit-lamp,  as 

^^P  J^L  long  as  fumes  eonlintie  to  ei?cape, 

^^P  Lj  These    have    an    cmpyreumatic 

^^^     ^dS^^  odor,  and  burn  with  a  blue  flamcj 

■  J^^99(  because  they  contain   much  car- 

^Hr     \l  _JKl_i  1  bonie  oxide  gas,  %vhich  is  gener- 

^^K     If  ^^^B^l  ^^^d  ^'y  ^he  CRrbonization  of  tim 

^^P  )\^0^^SSf'  \^^     tartaric  acid.    But  the  tartaric  acid 
^^P  contains  so  much  carbon,  that  a 

"^rtloM  of  it  remaina  behind,  intimately  mixed  with 
the  metallic  lead.     The  black  gnbstancc  obtained  is  a 
pffmphoms^  whieh  inflnmcs  spontaneously  when  poured 
out  upon  a  stone,  lirc^iuse,  on  act^ouut  of  its  great  po* 
rosit y,  it  imbibes  oxygen  eagerly  from  the  air.    The  yel- 
low powder  produced  by  the  ignition    is  o\ide  of  lead- 
If  the   phial   is   clo.-<ed   wliile   It  is  yet  hot,  this   py- 
rophurns  will  retain  its  intlainmability  for  several  &^jb. 
Ihjdratt  of  Oxide  of  Lead,  —  ETperimcnl.  —  By  add- 
T  to  a  solofion  of  Ktigar  of  trad  as  long  as 
forms,  hydrate  of  oxido  of  lead  is  obtained 
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fLS  a  white  powder.     It  is  converted  by  heatiiig  Into 
yellow  anhydrous  oxide  of  lead, 

339,  Carbomite  of  the  Oxide  of  Lead  (Pb  O,  C  O,). 

Add  to  a  sulotion  of  sugar  of  lead  a  solution  of 
bonnte  of  soda,  as  long  as  a  prcdpitate  is  formed ;  th< 
pfccipifcate  is  carbonate  of  oxide  nf  lead,  The  pigmeat 
known  under  the  name  of  while  had  u  likewise  cai- 
bonate  of  lead,  but  mixed  with  variable  r{uan  titles  o| 
hydratcd  oxide  of  lead  (basic  carbonate  of  lead).  Thii 
is  prepared  on  a  large  scale  in  different  ways- 

a.  According  to  the  Eng-Hsh  method^  litharge  i^  mixed 
with  vinegar  to  form  a  paste ;  this  is  then  spread  upon  : 
stone  slab,  and  exposed  to  the  fnmea  of  biirning  coke, 
the  carbonic  acid  of  which  combines  with  the  oxide  of 
lead.     The  acetic  acid  acta  in  this  case  the  part  of  a 
mediator.     Like  the  nitric  oxide  in  the  sulpl)uric*iictd 
chambers^   it  dissolves    the   oxide   of    lead,   and  then- 
tenders  it  to  the  carbonic  acid  ;  when  it  has  given  up 
the  fu*st  portion.  It  dissolves  a  second^  &o.     It  is  obvi- 
ous that  in  this  way  n  small  qnantity  of  acetic  acid  {ot^ 
else  of  sugar  of  teatl)  is  suilicient  to  aid  in  convening^ 
gradually  n  large  qnantily  of  litharge  into  white  lead. 

b.  By  the  oldest^  the  Dnirh  method^  a  large  niirnlw^j 
of  jars,  in  which  some   vinegiir  has  been  poured,  aro 
armnged  in  a  building  upon  a  layer  of  stable-tn»nurc 
or  tan,  and  roils  of  sheet-lead  art;  the^i  e^  I  ii^j 

the  jars  above  the  VHicgar,  and  the  whole  tx :  :aXh 

another  layer   of   8table*nmni«"e.     After   the   lapse   of 
sev(Tid  months,  thrj  rolls*  of  lend  un*  found  to  beuiostlyii 
if  not  entirely,  converted  into  white  lead.     The  mauofO ' 
is  decaying  stmw,  the  spent  tan  is  decaying  wood ;  do 
cay  y  '»r,  what  is  the  same  tbitig^J 
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iHiJ  ond  wnter  In  every  combust  ion  or  decay,  heat  it 
liberated;  thb  in  the  preaeut  case  is  feutiicient  to  evapo* 
rate  gradually  U>e  vincgiin  Aceordingly,  oxygen,  aque- 
DUfl  vapor,  fmnea  of  vinegar,  and  carbonic  acid,  are 
present  in  the  air  of  the  whitclcud  chambers.  If  yon 
snppoiie  that  these  substaiieef*  combine  with  the  lead  in 
lie  itieoeasion  just  mentioned,  the  following  order  of 

'changi'9  will  take  place ;  —  1.  oitide  of  lead ;  2,  hydrat- 
ed  oxide  of  lead ;  3,  acetate  of  oxide  of  lead ;  4,  basiic 
enrbonate  of  oxide  of  Icadp  Thus  there  is  formed  first 
oxide  of  lead,  whieh^  just  as  in  the  former  process,  is 
converted  into  carbonate  of  oxide  of  lead^  through  the 
aediation   of   aeetio   acid.     Tlic   tlamt  kind  of  white 

'^Icttd  13  timt  of  Krerap,  called  on  the  continent  of 
Europe  while  of  Kremuitz. 

e.  By  the  French  method^  the  white  lead  is  prepared 
in  the  moist  way  by  eonducting  earbontc  acid  into  u 
aolution  of  basic  acetate  of  lead  (Goulard's  extract). 
As  was  seen  above  (§337),  a  solution  of  sugar  of  lead 
can  dissiolve  sUU  another  atom  of  otide  of  lead;  this 
is  precipitated  by  the  carbonic  aci<l  as  white  lead, 
whereby  neutral  acetate  of  lead  is  once  more  fonneil 

I  in  the  liquid,  which  is  again  digested  with  litharge^  and 
ifterwards  treated  with  carbonic  acid*  In  this  way  one 
poand  of  sugar  of  lead   may  be  made  gradaally  to 

^dissolve,  find  ai*ain  precipitate  as  white  lead  many 
imnds  of  litburge.  The  white  lead  obtained  by  this 
let  hod  has  indeed  a  dass^Un^  wffite  color,  but  it  does 
sot  possess"  so  nmch  body  as  that  prepari'd  iJi  the 
"Ingli^h  or  Dutch  manner.  The  cheaper  sorts  are  ol>* 
tained  by  mixing  white  lead  with  powdered  sulphate  of 

.baryta;  the  latter  remains  behind  when  white  Iciul  is 
Ib^olved  in  di kited  nitric  acid*  On  heating  white  lead, 
the  carbonic  add  aad  wttl<?T  are  ex|x*Ued,  und  the  yci^ 
residac  ia  oxide  of  lead 
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340*  Lead-^ee,  —  Experiment,  —  Dissolve  half  an 

ounce  of  sugar  of  lead  in  six  ounces  of  watar,  darify 

the  liquid  by  adding  some  drops  of  acetic 

acidj  pour  it  ioto  a  phiali  and  theu  8U»- 

4pend  in  the  latter  a  zinc  rod^  by  attaching 
it  to  the  cork;  the  Einc  is  soon  covered 
with  a  gray  coalings  from  which  brilliiiiit 
metalljc  gpanglcs  will  gradcially  &hoot  forth, 
finally  fillitig  up  the  interior  of  the  (ihtaL 
They  consist  of  pure  lead  (the  kad-ine). 
After  twenty-four  hours,  no  trace  of  lead  cmn  l>c  footiil 
in  the  solution  ;  it  has  been        *       -1  by  the  -  t*f 

zinc;  the  stronger  zinc  has  n I  1  from  il'  ^r 

lead  all  its  oxygen  and  acetic  acid.  By  this  experi* 
ticat,  not  only  the  difference  in  the  strt*ng*li  ''  '^  'y 
f  these  two  mctak  is  clearly  shou^n,  but  it  \>'-  ly 

tes  also  the  stocliio metrical  law  of  cliemieal 
mbination  and  decomposition ;  for  it  Is  only  nocea* 
ary  to  weigh  the  lead  formed,  and  the  piece  of  zinc 
before  and  after  the  experiment,  to  ascertain  that  the 
pWcight  of  the  precipitated  lead  is  to  the  lorn  of  zinc  as 
294  to  407*  An  atom  of  lead  baa  thus  been  nj|ilMcctI 
by  an  atom  of  ssinc* 

Lead  and  Sulphur, 

341.  Sidpfmrei  of  Lead  {Pb  S),  —  fii^mm^nt — Add 
Iconic  sulphuretted  hydrogen  to  a  sohitron  i^r  ^f 

lead;  the  deep  black  precipitate  is  snljihur*  ■  u] 

(5  133),     One  grain  of  ungnr  of  lead  dissolved  in  two 
pounds  of  water  shows  itself  in  n"  \\ 

color;  so  that  we  have  in   «*nl|vS.  u 

exce<?dingly  sensitive  test  for  sultii  of  lead. 


LEAD. 

matatUc  lead  is  obtaitied  on  a  large  icaJe.  This  ore  ia 
called  g-alena^  and  is  easiJy  reeogolKed  by  its  grayish- 
bkuk  color,  iti*  shining  metallic  lustrcj  ita  cubic  form^ 
and  ita  great  ipccific  gravity, 

342,  Ptrparaiion  of  Lead.  —  Sulphur  is  so  firmly 
combitied  with  the  metals  in  the  sulphiirets,  that  it  i^j 
iiDponBible  to  expel  it  as  easily  as  oxygen,  for  instance^ 
by  heating  it  with  coaJ.  Therefore  a  circuitous  method 
niUiit  he  adopted ;  namely,  first  to  convert  the  metallic 
sulphuret  into  an  oxide  {raasiing'),  and  then  to  expel 
the  oxygen  {rcducium)*  To  efi'ect  this,  the  galena  is 
heated  continuously  with  aeeesa  of  air,  whereby  both 
tlie  lead  and  the  sulphur  are  combined  with  oxygen. 
The  lead  is  converted  into  oxide  of  lead,  which  remains 
behind,  and  the  sulphur  into  sulphurous  acid,  wljich 
escaped;  some  Bulphate  of  lead  is  alao  furmed  at  the 
same  time*  The  roasted  galena  consists,  therefore^ 
essentially  of  oxide  of  lead  (together  with  some  sul- 
phate of  lead) ;  this  has  now  only  to  be  heated  with 
coal  in  a  flame  or  blast-furnace^  in  order  to  separate 
the  metallic  lead  (ietMl-wmka). 

A  second  mode  of  freeing  the  lead  from  solphnr 
eooifis^ts  in  heating  the  galena  with  a  metal  which  has 
a  greater  atlinity  for  sulphur,  and  replaces  the  Irad, 
Such  a  metal  is  iron.  Iron  and  sulphuret  of  lead  are 
mntnally  converted  into  lend  and  sulphuret  of  iron. 
The  iron  acta  here  just  in  the  same  way  that  the  yjnc 
did  in  the  formation  of  the  lead-tree ;  one  atom  of  iron 
replaces  one  atom  of  lead,  tlicreforc  3*j0  pounds  of  iron 
can  separate  or  throw  down  1l^94  pauuds  of  metidlic 
lead- 
Si;),  Leml  ShoL  —  Ijead  may  be  granulated  by  pour* 
ing  it  through  a  broom  into  water,  ae  dei^cribed  under 
imcn     The  same  prineiple  is  applied  iu  the  raanu£i<> 
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ttire  of  shot,  only  that  an  iron  cullender  is  used  instead 
of  a  broom,  and  the  drops  of  lead  are  let  fall  firom  such 
a  height,  that  they  solidify  before  reaching  the  water. 
For  making  the  largest-sized  shot,  a  tower  at  least  ISp 
feet  high  is  required.  A  small  quantity  of  arsenic  is 
usually  added  io  the  lead,  to  render  the  drops  perfectly 
globular.  As  lead  and  arsenic  are  both  inimical  to 
health,  shot  should  never  be  used  for  washing  out 
bottles. 

BISMUTH,  BISMUTHUM  (BI). 
At.  Wt  =  1330.  —  Sp.  Gr.  =  9.8. 

344.  Bismuth  is  a  metal  chiefly  found  in  Saxony; 
it  frequently  accompanies  the  cobalt  ores,  and,  as  al- 
ready mentioned,  in  the  smelting  of  this  ore  for  smalt, 
it  separates  as  cobalt-speiss,  nickel  also  being  generally 
present.  The  metal  is  procured  from  this,  and  also 
from  the  native  ore,  by  a  very  simple  process.  It  oc- 
curs both  in  the  ores  and  in  the  speiss  in  a  pure  state, 
when  it  melts  at  a  temperature  which  need  be  only  two 
and  a  half  times  higher  than  that  of  boiling  water; 
consequently,  it  is  only  necessary  to  heat  the  ores  mod- 
erately upon  an  inclined  plate,  when  the  bismuth  melts 
and  flows  off  below,  while  the  other  metals  or  ores,  to- 
gether with  the  gangue,  remain  behind  unmelted.  This 
method  of  working  the  metal  is  called  etiquation.  Bis- 
muth is  brittle,  has  a  crystalline  laminated  texture,  and 
a  reddish-white  color. 

Experiments  with  Bismuth. 

345.  Experiment.  —  Heat  a  piece  of  bismuth  upon 
charcoal  before  the  blow-pipe;  it  melts  w^ith  the  ejec- 
tion of  sparks,  and  volatilizes  at  a  higher  temperature 
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with  bflflk  ebullition*  A  portion  of  the  fumes  eondeEse 
on  the  charcoal,  i^oatlug  it  wiih  a  yellow  jiowder;  this 
is  oxide  of  bismuth  (Bi^  0»).  If  yoii  throw  the  glowing 
metallic  bead  into  a  small  paper  box,  it  divides  into 
ftnall  globules,  which,  while  atill  glowing,  will  skip 
about  for  some  moment.^.  An  odor  like  Uiat  of  garlic^ 
which  IS  frequently  emitted  during  the  ignition,  proceeds 
from  aj^enie,  small  quantities  of  wiiich  occur  in  almost 
all  commercial  bismuth. 

346.  ErperifrwnL  —  MtAt  together  in  a  ladle  two  drams 
of  bismuthj  one  dram  of  lead,  and  one  dram  of  tin ;  the 
II Hoy  ftinned  f»as  tlie  very  renjarkablc  property  of  be* 
coming  completely  iiqnid  w*hen  thrown  into  boiling 
waier.     Bismuth  inelrs  at  250^  C,  leaf!  at  320^  C,  tin 

^  kt  230^  C.J  and  yet  the  raixtuie  of  these  three  metals 
iiiplt^  below  ICKP  C.  By  incrent*jng  the  quantity  of 
lead,  alloys  may  be  prepared  trhich  refidihj  hccome  liquid 
at  any  tern  pern  tu  re  det^ired  above  IQO^  C  They  arc 
sometimes  employed  as  safety-platen  In  st^ara -boilers* 
The  heat  of  The  isteam  increases  with  the  tension  of  the 
steam  in  the  boiler;  therefore  the  iiiluy,  to  be  used,  has 
only  to  be  so  select etj  tluit,  in  cage  of  a  too  great  in- 
crease of  steam,  the  plate  may  be  melted  by  the  heat 
of  the  steam  before  an  explosion  of  tlic  boiler  itself 
can  take  plae^.    As  these  alloys,  in  their  melted  state,  do 

^ 'not  burn  the  wood,  they  art*  al<n  vi*ry  well  aclfipted  for 
making  mrtallic  copies  of  eni^raved  wooden  monlds,  for 
'ealieo-printing,  and  bloek4miyres:yond.  This  alloj  is 
called  Ito:sitt'smet(d^fi(\er  the  inventor, 

347,  ETperimcjd,  —  Bismuth  is  most  easily  dissolired 
by  ftiMc  ncuL  Dinsolve  some  bij^muth  at  a  moderate 
heat  in  this  acid,  and  pour  the  solufton  into  a  I  v  lU- 

^lity  of  water;  it  becM?me«  very  tnrbid,  and  iv,  J- 

Itig  quietly,  a  wltitc  precipitate  tiubstdt^s,  which  contains 
32 
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only  one  foarth  as  much  nitric  acid  as  the  salt  which 
frystaUizes  out  from  the  bbmath  solution  whcu  you  lei 
it  coot*  This  powder  is  sutnitraie 
ofoMde  ofbismulh,  and  is  us*^d  as 
a  medicine.  A  small  praportion 
of  oxide  of  bii?molh,  with  a  large 
proportion  of  uitric  acid,  reruauis 
dissolved  in  the  liquid  The  an* 
nexed  duigram  denotes  the  decom- 
position hereby  taking  place,  whicli  is  of  more  general 
interest*,  as  showing  that  the  airmitieii  of  bodies  for  each 
other  may  be  changed  by  greater  or  less  dilution  with 
water- 

The  salts  of  bismuth  may  be  recognized  by  this  be* 

baviour  with  water*     By  adding  Biilphuretted  hydrogen 

fio  the  solution  remaining  from  the  former  experimcat, 

you  oh  tain  a  brownifth-black  precipitate  of  suiphurci  of 

bismuth. 
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COPPER,  CUPRDH  (Cu). 
Au  Wt  — 306.  — Sp,  Gr  =S.8. 
In  ancient  times  copper  was  chiefly  obtaiiied 


from  tlie  island  of  Cypms,  where  its  oreii  wt-re  found  iti 
great  abundance  ;  this  explains  the  name,  cuprum^  It 
being  afterwards  deemed  expedient  to  give  mythtpl^^'t- 
cal  names  to  the  metals,  copper  received  the  namr  nf 
rt-«K.if,  the  protecting  goddess  of  Cypnw,  and  tin?  t«it:n 
9'  Co|)per  possessiea  several  excellent  properties 
which  have  rendered  it  nn  exr-^     '^'  *1  v  useful  metal. 

#T,)  It  is  dttctife  and  at  the  ^^^  vrry  stroj^ff  and 

tetuiekmff^  so  tliafc  it  may  be  hammered  out  into  plalesc, 
whichteven  wbt»n  very  thin,  Mill  hold  firmly  togetl-  - 

ftp)  It  fusts  t&Wi  difftcttUy  (its  point  of  fusion  > 


I 


cofnn* 


375 


1200^  C*) ;  tberefore  it  is  excellently  adapted  for  gnch 
I  mrticlea  as  are  fo  be  exposed  to  a  great  lieat,  for  io- 
stance,  ketticflj  pans,  boilem^  motilds  for  casting,  &c, 

e.)  When  exposed  to  the  air,  it  svjfen  from  niBl  much 
iess  than  iron;  for  this  renson,  copper  utensils  are  much 
more  cJunible  Hmn  iron  Dnes.  Slieet-capper  is  em- 
ployed for  fiheathing  «bips,  and  for  roofing  towers  and 
other  build  ing7?i, 

ft)  It  16  quite  hard,  and  therefore  weari  out bnt  slow- 
ly on  use,  as  io  copperplates  for  engravings,  and  rollers 
of  print-works. 

€*)  With  zinc,  tin^  and  nickel,  it  forms  very  useful 
a^h*/s^  fiueb  as  brass,  tonibec,  bronze,  bell-metal,  cannon* 
metal,  German  silver,  &e. 

/.)  It  13  precipitated  from  ita  solutions  by  tbe  gal- 
TEnic  current  as  a  firm  coli^rent  mass ;  on  this  princi- 
ple, imprespiona  of  otlier  bodies  are  produced  by  the 
modern  process  of  eledro*mrlaUur^. 

g.)  It  yields  with  oryj^n  and  Bcveral  acids  insoluble 
combinations  of  a  beautiful  green  and  blue  coIoFj  of  va* 
Tjous  application  in  painting* 

Although  copper  possesses  no  smelly  yet  it  imparts  to 
moist  liiinds  nnd  to  the  writer  which  has  long  been 
standing  in  vessels  made  of  it  (as  boilers  or  kettles),  a 
peculiarly  disagreeable  odor, 

Experimenis  with  Cop/ter, 

349,  Tn  the  moist  air,  topper  slowly  turns  gray  and 
flfterw-ards  green  (native  mirif^ral-green)*  Copper,  like 
mnc^  nttracts,  not  merely  oxygen  and  water,  but  also 
carbonic  acid  from  thrr  air;  the  green  coating  is  the 
'    •     '  >f  basic  cnrlmnnfe  of  copper.     In  Sihoria  this  com- 

I  occurs  in  large  beds  in  the  enrtb,  and  is  th 
called  malachite.    The  celebrated  Russian  copper  is  priji 
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cipally  obtained  from  it ;  and  its  beautifully  motUed  m^ 
rieties  are,  like  marble,  formed  into  works  of  art,  and  are 
used  for  ornamenting  palaces,  &c  This  green  body,  on 
receiving  yet  more  carbonic  acid,  acquires  a  beautiful 
blue  color,  and  is  converted  into  sesquibasie  carbonate  cf 
copper^  which  likewise  occurs  native  as  a  copper  ore, 
under  the  name  of  blue  carbonate  of  copper.  The  arti- 
ficially prepared  is  called  mountain  blue^  and  is  em- 
ployed as  a  pigment,  particularly  for  painting  walls,  its 
color  not  being  changed,  like  Prussian  blue,  by  the  lime 
of  the  walls. 

350.  Experiment. —  Hold  a  brightly  polished  copper 
coin  over  the  flame  of  a  spirit-lamp ;  the  color  changes 
from  yellow  to  crimson,  violet,  and  blue,  and  finally 

passes  over  to  a  dark  gray. 
Fig.  154.  These  iridescent  hues  pre- 

sent a  particularly  beautiful 
appearance  by  holding  the 
coin  obliquely  in  the  mid- 
dle of  the  flame,  and  mov- 
ing it  to  and  fro;  in  the  cen- 
tre of  the  flame  the  coating 
vanishes,  but  it  instantane- 
ously reappears,  as  soon  as  the  coin  reaches  or  extends 
beyond  the  external  border  of  the  flame.  On  speed- 
ily quenching  the  coin  in  water,  it  becomes  brownish- 
red;  this  red  coating  is  suboxide  of  copper  (Cu,  O). 
Such  a  coating  is  often  intentionally  produced  upon 
copper  medals,  as  it  is  less  liable  to  change  in  the  air 
than  the  brilliant  metallic  copper  (bronzing-  of  copper^ 
bronze  medals).  Suboxide  of  copper,  when  thrown 
into  melting  glass,  colors  it  bhodrred;  in  this  manner  a 
beautiful  red  color  is  flashed  on  glass  in  tlie  glass  fac- 
tories.   This  accounts,  also,  for  the  red  color  of  the  slag 
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35L  B'^tojjdff  4?f  Onicr  (CaO).  — If  the 
Mil  k  left  for  wamt  tisae  in  tbe  po^t  €f  <he 
icqtuTte^  &   bh^M  appeumoe;  priiiftiMg  qf 
[fiofmeJ,  wliich  has  «  bhdr  eohsTf  «iid  mm^laSmm 
oxygen  89  ^bm  red    ttiboside.      If 
bed,  Ui6  oside  ffies  o^  and  the  fed 
of  tbe  coin  abovi  tliat  llie  soboside 
bisealli  tlie  ilm  of  tlie  pr«rtoijd&    B^ 
tgnttioQ  tbe  wlioI«  mm»  of  the  eoin  nay  be  i 
into  soboxide,  and  bj  attU 
at  last,  iiito  protoiode.    Tbe  ; 
off  lu  the  wofkahops  of  tbe 
leotisint  of  a  EniiK^itni  of  tbe 
toxide. 

MxptfimcnL  — »  Triturate  a  sanl  i{DaaMjr  of 
witb  a  ecale  of  tbe  bbek  aside  of  eopper,  aad  i 
Into  a  bead  oo  a  phlbMai  wtve  beCofe  tbe 
tbe  oxide  of  eopper  wiB  fiMotve  in  the  bonsi  aad 
tgreesiglam.  Oxide  of  copper  kisadeiMe  of  n  ^aai 
ad  porcelain  paintlci|^.  If  intndneed  inelo  the  iahesiar 
the  gieen  color  paawrn  orcr  to  ledv  beciOBir  ike 
19  tbioe  lednoed  to  anboxide  of  omok 
Oxides  of  copper  may  abo  eaaly  be  pMipaii4  in  the 
bnmkl  way,  but  ibey  faaii<e  then  a  %ery  ififtaeai  ffojar 
3^  ^dtaied  OxMe  of  Otpper  {C^O^UOy-^  Eg^ 
.—Add  to  a  aohttion  of  the 
<  tioned  hbie  miriat^  or  aalphrte  of 
of  eaitftic  potsMa;  a  grccnUhblw 
it  U  iffdfated  ioUe  ^sftppper, 
abo,  chemieally  cotphined  wtcb  wai«r,  a  Uoe 
body.  BUxed  with  gypmn  tin  fiomia  Ggbt  po«da^ 
tbe  well-known  JSMmea  bbe.     Bed  a  portioo  of  tbe 
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liquid;  the  pmcipitate  will  become  black,  because  at 
Lihe  boiling  point  the  combiDation  between  the  oxide 
Jot  copper  and  the  water  is  destroyed;  —  another  exam- 
ple of  chemical  decbmpoaitioti  cKMsasiotied  hy  mere  ele- 
vation of  tempcratnre. 

353.  Amtmnmied  Oi:ide  of  Capper.  —  Ezp^meTii^  — 
Bepeat  the  former  experiment,  but  instead  of  potassa 
take  ammonia;  here  also  the  hydrated  oxide  of  cop- 
per is  first  precipitated,  but  this  is  redissolved  by 
addipg  more  ammonia^  forraing  n  superb  btue  liquid. 

.Ammonia  is  therefore  a  trst  for  salts  of  copper. 
Pour  upon  the  blue  liquid  an  equal  quantity  of  strong 
alcohol,  and  direct  the  stream  against  the  Mde  of  ^e 

L^las**,  BO  that  the  alcohol  may  float  on  the  surface | 
after  the  lapse  of  twenty-four  hours,  a  mass  of  dark* 
blue  adculai  crystals  is  perceptible,  which  consint  of 
a  combination  of  sulphate  of  copper  with  ammonia, 
and  are  cajietl  amvmnio'Svfphate  of  eopper*  By  disscj>lv- 
ing  them  in  water,  the  6/we  Uiiuid  of  the  apothecarxca' 

I  fihow-bottlea  m  prepared*  The  alcohol  efiVcta  that 
which  ia  othen^ise  attained  by  boiling,  namely,  a  re* 
moval  of  the  water;  it  withdraws  from  the  blue  liqitid 

,S  portion  ofit^  water,  and  the  double  aiilt,  which  is  in- 

.Bolublc  in  alcohol,  is  icparatcd  The  water  may  bo 
abstracted,  also,  in  this  way  from  other  aolutions  of 
Its,  which  would  nndurgo  a  decompoaition  ott  the 

f  evaporation  of  the  water  by  heat 

354.  Ezperimeni,  —  Add  to  a  diluted  solution  of  blilo 
.  vitriol  a  ?mall  q"  f  pnlverizcd  sngiir  of  milk,  aiid 

then  rather  mor-  ^  i  potassa  than  is  neca^ary  to 
precipitate  the  hydrated  oxide  of  copper,  and  lieut  the 
mixture;  the  bh-        '  "^  ^  "    v. 

'bh-rcd.      The  }  •   ,        ^  if 

mppeft  which  i^i  formed  from  the  protoxide  of  copper, 
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se  the  sugar  is  able  to  abstract  from  the  latter 
itrt  oxygi^ii.  The  same  compound,  but  of  a  more 
bcuutilul  red  color^^s  obtained  by  boiling  verdigris  with 
vinegai,  and  then  adding  some  honey  to  the  solution 
I^Dbtainiul,  and  agriin  boihng.  Thus  is  eaiily  explained 
?hy  a  red  deposit  always  subsides  from  the  oxymel  of 
subacetati;  of  copper  in  the  apothecaries*  shops  j  in  the 
slow  separation  wiiich  occurs  in  the  latt^er  case,  sniall 
distinct  crystals  are  frequenily  formed- 

Redueiion  of  the  Capper  Compounds  to  Metals, 

355*  Ejtpenmenl*  —  Rub  together  8ome  grains  of  blue 
vitrialf  e4irbonate  of  soda,  and  charcoal;  ignite  the 
mixture  atrongly  for  some  minutes  before  the  blow* 
pipes  and  the*n  eKitriate  the  bhxck  mass  with  watorj 
numbcrlefis  pmaU  spangles  of  metaDic  copper  will  re- 
main behind  on  the  bottoio  of  the  vcsseh  The  ear- 
bonatrr  of  soda  takes  the  sulfihurie  acid  from  the  blue 
vitriol,  and  the  charcoal  the  oxygen  from  the  axide  of 
copper^ 

356.  Exptrimeni.  —  If  half  an  oune^of  bhie  vitriol  is 
heated  to  boiling  with  an  ounce  and  a  half  of  u^ter  in 
a  porcelalu  bowl,  and  then  boiled  a  few  minutes  with 
some  granulatf^d  zinc^  the  met^illic  copper  separates  as 
a  powder,  tince  the  sEine  has  a  greater  aflinity  than 

I  copper  for  oxygen  and  for  snlphnric  acid*  The  pow- 
ier  obtnined  is  washed,  find  then  boiled  WMth  water 
and  a  few  drops  of  snipburic  acid,  in  order  to  remove 
all  the  zinc:.  It  must  bt*  dried  quicklyj  but  not  at  a 
high  heat,  for  copper  m  this  state  of  minute  snbdi- 
vision  nttracU  oxygen  with  more  avidity  tlian  when 
it  id  in  a  compact  ma^s, 

357,  KcpcrimcnL — Introdoee  earn©  hydrated  oxide 
of  coppef   into  a   tefit-tubr,  the  bottom  of  which    10 
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[liroken  out^  heat  it,  and  then  pass  over  it  a  stream 

of  h^dfog-cn^  which  is 
evolved  by  isinc  and  di* 
luted  atiiphunc  acid;  in 
the  heat,  the  hydrogen 
abstracts  from  the  oxide 
of  copper  its  oxygen,  and 
forms  with  it  water,  which 
escapes  in  company  with 
the  hydrated  waten  This 
method  is  frequently  employed  for  the  feductioii  d 
ores  on  a  small  scale* 

358.  Ecrperiment  —  Push  an  iron  rod  into  a  good- 
sixed,  large-mouthed  pbial^  forcibly  enough 
to  farenk  out  the  lioitom,  file  ofT  the  shafp 
edges  of  the  fractured  part^  and  bind  a 
moistened  bladder  over  the  mouth  of  the 
phiaL  Then  twist  a  wire  firmly  round 
the  pliial,  in  such  a  manner  as  to  form  two 
or  three  supports,  by  means  of  which  it 
may  be  suspended  in  n  tumbler. 

Let  a  strip  of  strong  gheet-zinc,  of  the 
width  of  the  finger,  and  five  inches  long, 
be  soldered  to  a  atrip  of  thin  copper  plate, 
ten  inches  long,  and  bend  the  sirip  of  eop- 
per  as  represented  in  the  annexed  figure- 
Pat  a  coin  upon  tlic  lower  horts^onUil  part 
of  the  copper  strip,  —  for  ini^tanct?,  a  bright  dollar,  —  or 
some  other  metallic  object,  the  imprecision  of  which  you 
\\  \A\  to  havtL  Now  fill  the  phial  three  qn;i^  ''  II  with 
vc)  V  diluted  sidpiniric  acid  (tyn**  dram  of  r  ;.  acid 

to  two  ounces  of  water),  introdncu  the  zinc,  and  ans* 
pend  the  iipparatiB  in  a  tumbler,  inwhic^  -  'ttrated 
eolation  of  blue  vitriol,  and  ixho  n  few  \  y»tali 
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ftr  lea  of  blae  vitriol,  imve  been  pni     In  the 

course  of  a  few  miiiules  the  coin  will 
be  covered  with  a  thin  film  of  nn^tallic 
copper,  and  after  sevtTtil  day  a  with  a 
layer  iseveral  lines  in  thick nem,  which 
may  be  removctl  as  a  coherent  mass, 
Tullow  and  wax  muftt  be  smeared 
over  those  p:irt3  of  the  coin  and  plate 
on  which  the  copper  h  not  to  be  deposited.  The  gunk 
impTcfision  thus  obtained  may  be  used  in  the  same 
way  again,  instead  of  the  coitij  as  a  mould  for  obtain- 
ing a  raised  inipresaion-  WHicn  the  evolution  of  the 
•g?is  in  the  phial  hai>  ceased,  a  few  drops  of  strong  snl- 
phuric  acid  may  be  stirred  in,  or  the  liquid,  which  con- 
tains sulphate  of  zinc  in  solution,  may  be  replaced  by 
fresh  supply  of  diluted  sulphuric  acid.  Salt  water 
may  al»o  be  used  instead  of  sulphuric  acid,  but  Uicn 
the  separation  of  the  copper  takes  place  more  sJowly. 

The  decomposition  of  the  blue  vitriol  has,  in  this 
^case^  been  effected  by  the  ^alvarur  currenlj  wAmh  is 
Jways  generated  wlicu  dirtercat  kinds  of  mctats  come 
in  contact,  or  are  intiodnced  into  dillerent  liquids.    The 
bladder  is  a  pomtis  substance^  through  which  the  gal- 
vanic einreitt  may  pass,     Galvanism    here   takes   the 
place  of  the  plastic  artistj  and  hcnec  the  term  galvano- 
pksii€f  applied  in  Germany  to  electro*metallurgy.     A 
'ftolullon  of  gold  or  silver  rnay  be  decomposed  in  the 
«ame  manner  (galvanic  gildiug  aud  silvering)* 

Capper  and  Acids, 

a59.  Chhride  of  dapper  (Cu  CI).  —  Experiment.  —  If 
muriatic  acid  is  added  to  oxide  of  copper,  a  green  so- 
laticm  ifl  obtained,  and  from  it,  by  evaporation,  a  green 

Itf  ddoTidt  of  copper^  or  inuiiaie  of  oxide  of  copper* 
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Introdace  some  of  it  into  the  wick  of  a  spirit-lamp;  it 
dissolves  in  the  alcohol,  aiKl  colors  the  flame  greeti. 
Write  on  paper  with  a  very  diluted  solution  of  it;  the 
color  of  the  virriting  changes  on  heating,  and  again  un 
cooling,  as  in  the  case  of  chloride  of  cobalt  {^308^. 
Metallic  copper  is  dissolved,  but  very  slowly,  and  wiih 
access  of  oxygen. 

For  Sulpkute  of  Oxide  of  Copper^  or  Blue  fJitmi,  sec 
1 175. 

36a  mirale  of  Oxide  of  Cbpper  (Cu  O,  N  O*  +  5  HO}, 

Copper  dissolves  very  readily  in  nitric  acid,  fomilng 
a  blue  liquid  (§  162) ;  if  the  solution  is  set  aside  in  a 
warm  placc^  blue  crystals  of  nitndc  of  copper  are  depoo* 
ited,  which  deliquesce  in  the  air.     The  accotnpajiyitig 

diagTEim  serves  to 
illustrate  the  pro- 
cess attending  the 
solution  of  coppef, 
as  well  as  of  inotst 
other  metals,  in  ni- 
tric acid*  It  is  al- 
ready known  that  the  nitric  oxide  gas  which  e:»<!apeji 
becomes  nitrous  acid  on  coming  into  contact  with  the 
air. 

ExperimenL  —  Envelop  qnickly  in  tinfoii  scmici  eryw* 
tals  of  nitrate  of  copper,  moistened  with  n  drop  of  Wa- 
ter, and  press  the  parcel  compact ly  toj^^eiher,  and  pat  it 
upon  a  Htone ;  tliuncs  and  smoke  wUl  soon  bnmk  forth 
from  Ihe  bubbling  mas«,  becau*e  the  lin  overpowers 
^  tbc  nitjic  acid,  and  by  mratis  of  its  uxygtui  become 
oxidized  into  oxide  of  tin. 

Oxide  of  copper  fomiK,  with  phoephorr      "'-' "ic,  ox* 
lo,  and  siilicic  acidS)  ioaolnblc  blue  .  i    com- 

p0tiiidii»  in  the  same  way  aa  vn\h  carbonic  acid. 
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861.  Verdigris,  —  Experiment  —  By  sprinkling  a 
copper  coin  from  time  to  time  with  vinegtir,  it  becomes 
gradually  covered  with  a  green  coating.  When  copper 
i»  rusted  mei^Iy  by  exposure  to  the  moisture  of  the  at^ 
moaphere,  or  uf  the  earl  h,  Imsic  carbonate  of  copper  is 
formed;  but  when  the  rusting  is  ertected  by  vinegar, 
basic  acciaie  of  capper  is  formed.  The  latter  is  the  ver- 
digris of  commerce.  It  is  prepared  on  a  large  scale, 
either  directiy  from  copper  and  vinegar  (green  or  Ger- 
man verdigrl»)j  or  indirectly  by  packing  iheeta  of  cop- 
per with  the  refuse  of  pressed  gntpcs,  since  the  juice  yet 
adhering  to  the  mash  gradually  passes  over  into  vin- 
egar (blue  or  French  verdigris)*  Verdigris  boiled  with 
vinegar  gives  a  blue  solution,  from  \viiich»  on  coolingj 
dark  green  crystals  of  neutral  acetate  of  oxide  of  copper 
{Cu  O  A  +  H  O)  are  deposited  (crystallized  or  dLitilled 
verdigris)* 

Verdigris,  like  all  the  salts  of  copper,  is  veri/  pohoti- 
tms^  the  white  of  eggs  and  milk  are  efficacious  anti- 
dotes, Poli,Hh<'d  iron,  amrnonia,  iiulphurettcd  hydrogen, 
and  cspecialiy  ilTrocyanide  of  potaasimu  (§292),  serve 
for  the  detection  of  salts  of  copper, 

Capper  and  Sulphur* 

362*  Ejrperimenl,  —  If  some  snlphuretted  hydrogen 
water  is  added  to  a  sululion  of  any  of  the  copper  smalts, 
a  black  prrcipiUfe  of  stdpkitrct  of  copper  la  produced 
{§  lai),  Heat  this,  after  it  has  Hcttled  and  the  liquid 
has  been  decanted,  with  some  drops  of  nitric  or  niuriatic 
acid  ;  the  sulphurct  of  eop|jer  is  decomposed  and  dis- 
solved, while  nitrate  or  muriate  of  copper  is  formed. 
This  mode  is  universally  employed  on  a  small  scale, 
especially  in  analysis,  in  order  to  convert  metallic,  sui*. 
phureta  into  soluble  salt^. 
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363*  Pr^paratimi  nf  Capper, —  The  sidphurei  of  eop^ 
per  is  the  most  cominon  ore  from  which  (UJppe*r  ia  ex- 
tracted. It  is  seldom  found  pure,  bat  mostly  eombiii«*d 
with  sulphuret  of  iron,  as  in  copper  pyrittn,  Tht*  pro-j 
cess  of  the  reduction  and  smelting  of  copper  is,  accord* 
jngly,  very  tedious,  aa  not  only  the  sulphur,  hut  ako  the 
iron,  must  be  got  rid  of.  This  is  t'lFcctcd,  —  let,  by 
roasting  in  the  air,  whereby  the  copper  is  couvrrled^ 
into  oxide  of  copper,  the  iron  into  black  oxide  of  iion^ 
nnd  the  sulphur  into  sulphurous  add;  2d,  by  melUng 
the  roasted  ore  with  charcoal  and  some  gilicioiis  awt 
stance,  by  which  means  inetallfc  copper  and  carbon ia| 
oxide  are  formed  from  the  oxide  of  copper  and  the  char- 
coal, and  silicate  of  protoxide  of  iron  (iron  sifiig)  fn>m 
the  protoxide  of  iron  and  quartz,  What  appears  thua 
simple  is,  in  reality^  so  diilicult  an  operation,  ^^'  *  *'*^ 
roasting  ^And  melting  must  often  be  uUernulely  i  \ 

ten  or  twenty  times  in  order  to  remove  all  tbc  iron  and 
sulphur.  The  melted  mass,  which  Is  obtained  wbeaj 
about  half  the  iron  and  sulphur  is  abstracted,  is  CdlJe(^ 
matte  (crude  copper) ;  and  bfnck  copper^  when  it  contnini 
only  about  five  per  cvnU  of  these  two  mibstancci.  Tin 
eomjilete  refnilng  of  bhmk  copper  is  efTected  by  mrltlfif 
the  metal  again,  exposing  it  at  the  same  time  to  tlie 
action  of  the  air,,  whereby  the  iron,  stiV  *  --  - 
foreign  metals  which  may  be  pre.HPnt,  ;. 
rnuny,  are  oxidized  before  tho  copper.  When  ibc  bind 
copper  contains  silver,  it  is  subjected  to  tht?  proec^  i 
liipniiun. 

*J'be  operation  of  working  the  copper  h  much  eaaier 
when  the  ores  are  combined  with  oxygen  instead 
iiulphur,  as  they  yit^d  the  metallic  copper  by  merc*lj 
healing  with  eoa! ;  but  *o<'t^  nre^  arc  of  t^o  mrc  oc 
— '       in  nature  to  yield  stitfictent  eappcr  to  litiaot  the" 
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364  AUo$$  of  Q$pp€n —  Copper  forms  very  impor- 
tant aJloys  witli  several  other  metals* 

Gold  and  copper  form  the  common  gold,  diver  and 
topper  the  common  sUvetj  from  which  gold  aiid  silver 
artic*lcs  and  coins  are  made. 

The  well-known  brms^  and  other  metallic  eompounda 
having  the  appearance  of  gold,  such  as  tombac,  sim* 
ilor,  prinec*fl  metal,  red  brass,  &c.,  ure  eompoBcd  of 
xinc  and  copper.  Spunoos  gold-leaf  is  made  by  liam- 
mering  out  tombac  into  ejtceedingly  thin  leaves,  which, 
when  findy  piilverizrd,  constitutes  the  90*calied  gold 
bronze.  Furple  or  copper  bronze  is  prepared  by  gently 
beating  the  gold*colored  bronze  tiU  it  turns  to  a  purple- 
fed  color, 

Zincy  niekei^  and  copper  constitute  the  ingredients  of 
German  silver  {packjung^  white  copper). 

Tiri  and  copper  form  a  very  hard  gray  alloy,  from 
which  stalucs,  cannons,  bells,  ndrrors,  &c,,  are  cast 
{hronzei  g-un-mekily  bell'meial^  speculum  metal). 
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XtEHCtmr,  nTDRARGTBUM  (Eg), 
Ai.  Wt.  =  I2r»0-  ^Sp,  Gr.  =  13>5. 

365,  We  have  in  mercury  ihe  only  metal  which  is 
ftuid  at  ordinary  temperatures;  for  this  reason,  and 
abo  on  account  of  its  siiver-white  brilliancy,  it  has  been 
called  hi/drargj/rum  (water*.'^ilvcr  or  lit] u id  eilvcr).  But 
subsequently,  from  itfl  mobilityj  it  was  dedicated  to 
Mcrcuri/,  the  most  active  of  tiie  nncient  gods,  and  re- 
ceived Im  name,  the  aymbol  g  being  at  the  &ame  time 
a.Hsigned  to  it*  Even  now,  quicksilver  and  its  various 
medicinal  pre^panitionrt,  f^ui*h  ub  calomel  and  corrosive 
aublimate,  are  called  mercurial  remedies*  In  the  north- 
f  em  parts  of  Siberia  mercury  becomes  solid  every  winter, 
33 
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whenever  the  cold  reaches  ^40^  C,  or  — 32^  R.,  but  in 
'  our  climate  it  can  only  be  Bolidified  by  i^tifidal  IrigcH 
riiic  mixtures.     Its  action  in  the  beat  tibo  cor  Is 

with  this;  naraelyj  it  boib  at  360^  C.  (cour  ,  ly 
with  Duly  three  and  a  half  tamos  greater  diffioulty  than 
water),  and  it  ia  therefore  easily  volatilized  and  dis- 
tiUed 

Msperimeni*  —  Fasten  to  the  cork  of  a  phial  eontaiii* 
iiig  mereury  a  piece  of  wood,  affixing  to  the  bottom  of 
the  latter  some  genuine  gold-leaf;  the  gold^  after  sc»me 
days,  will  have  assumed  a  white  color,  and  be  converted 
into  an  alloy  of  gold  and  mercury.  It  b  obvious  fifom 
this,  that  fumes  of  mercury  must  be  contained  in  die 
air  of  the  phial^  and  that  incrcury,  like  water,  evc^foraies 
shnelr/  even  at.  ordirmrtf  trmperaiums^  The  vai>or  of 
merciiry,  and  the  preparationj*  of  mercury,  are  very  in- 
jihioua;  they  first  produce  involuntary  saiivationt  and 
afterwardij  lingering,  dangerous  maladies ;  lherefoa% 
in  cxpcriinentLng  with  merenryi  not  only  the  inhalaUon 
of  the  fumes  should  be  avoided,  but  it  must  be  weighed 
and  decanted  over  a  bowl,  so  tbat,  if  any  portion  of  it 
should  happen  to  be  spilt,  it  may  not  fall  upon  the  floor, 
Spirit'thermoraeters  only  should  be  suspended  iu  ideep* 
ing-apartmcnts  and  sitting-rooms,  since,  from  the  acci* 
dental  breaking  of  the  mercurial  thcnnometer,  the  at- 
mo^phere  would  be  vitiated  by  the  mercury  mnntng 
into  the  chinks  of  the  boardi?,  from  which  it  could 
be  removed  only  willi  great  ditiieulfy.  The  aame  nilo 
applies,  too,  to  green*houacs,  as  the  fames  of  tnercury 
arc  also  poidonnua  to  plants*  Ai?,  in  comparison  vdth 
water,  mercury  boils  at  a  very  high,  and  froezeai  at  a 
very  low  temperature^  and  a**  it  haa  a  great  specifio 
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ic,  (§§  16j  24,  93),     It3  chief  use  in  areometers  is  to 
lower  i1i«  i^entri!  of  gruvity,  thereby  forcing  the  inslra*  •{ 
ment  to  (ioat  iu  an  upright  positioij.     In  the  less  ac- 
cumte  areometers,  lead  shot  are  frequently  substituted 
for  mercxiry. 

Jferoir^  and  Adds, 

366.  Mercury,  if  quite  pure,  retains  its  metallic  lustre 
in  the  air  and  water,  and  it  is  therefore  ratikcd  among 
the  noble  metals;  but  if  it  is  mixed  or  adulterated  with 
other  metals,  as  lead,  tin,  or  bismnth,  a  gray  film  wilt 
gradually  fomi  upon  its  surface.  On  accouiit  of  the 
slight  affinity  of  the  noble  metals  for  OKygeu,  tlieir  ox- 
ides  eanuot  be  prepared  directly  by  exposing  them  to 
the  air,  or  by  heating  tliem  to  redness,  but  only  indi- 
rectly, the  best  way  being  to  treat  the  metals  with 
aeid^.  The  most  powerful  solvent  for  mercury  is  nitric 
acid ;  the  cheapest  is  sulphuric  acid, 

367.  mraic  cf  Sulnmde  of  3hrctmj  (Ug,  O,  NO,), 
—  Krperiment, —  Pour  iido  a  porcelain  dish  oue  ounce 
of  mercury,  one  dram  of  water,  and  half  an  ounce  of 
nitric  acid;  cover  the  vessel  and  place  it  aside  for  sev- 
eral days ;  you  will  then  find  the  mercnry  covered  with 
white  crystals ;  they  are  the  nitrate  of  the  suboxide  of 
mertrury.  In  the  cold^  two  atoms  of  mercury  take  up 
only  one  atom  of  oxygen  from  the  nitric  acid.  Put  a 
part  of  the  crystals  into  a  phial,  and  pour  over  them 
some  water ;  a  raiiky  turbidness  is  produced,  as  in  the 
solution  of  bismuth  (§347),  but  it  disappears  agaiu  on 
the  addition  of  a  few  drops  of  nitric  acid* 

This  solutioQ  of  suboxide  of  mercury  serves  for  the 
follow!  M  JFTientsT^ — 

368*  -: ^.ue  of  Merair^  (Hg,  O)- — Experitnerd*  — 

To  a  pcyrt  of  the  solutioa  of  suboxide  of  mcTcury  Jfl 


n 
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added  a  solution  of  potaasa  ;  a  black  precipitate  of  ffiiA* 
oxide  of  mercuri/  is  formed.  This  pTPpamtion  tniijut  be 
kept  in  an  opaque  pbial,  because  it  h  resolved  by  the 
light  into  oxide  of  mercury  and  metallic  luercury.  If 
ammooia  is  used  instead  of  the  potaasa»  a  triple  com- 
bination is  obtained  of  suboxide  of  mercury^  ammonia, 
and  nitric  acid^  —  black  or  Ilahneraann's  suboxide  of 
raercury,  used  in  Germany  as  a  medicine. 

369,  &perimeftL  —  If  a  drop  of  the  Bolutioii  of  mer^ 
cury  is  rubbed  upon  a  copper  coiiij  the  inercnrj'  separates 
as  a  metal,  and  efibcts  a  fal^e  silvering'  of  the  oopper* 

Mxperimenl.^^  Make  a  stroke  across  a  brass  plate 
with  a  wooden  stick  that  has  been  dipped  in  tlie  solu- 
tion of  mercury ;  if  the  plate  i3  afterwards  bent  at  this 
place  it  will  break,  as  though  it  had  been  cut ;  because 
the  reduced  mercury  penetrates  the  brass  with  great 
quickness,  and  renders  it  brittle.  Thus  the  brazier  can 
make  use  of  this  solutioti  instead  of  shears. 

370.  Subvhhrkle  of  Mercury  (Hgj  CI). — Experiment 
—  Add  some  muriatic  acid,  or  a  solntioii  of  common 
salt,  to  a  part  of  the  diluted  solution  of  the  suboxide  of 
mercury;  a  heavy  white  precipitate  of  muriaie  of  sub' 
oxide  ofmtrcitry^  or  subcMoritk  of  mercury ^  is  produced, 
which  irt  insoluble  in  water.  When  finely  wasfhed  tuid 
dried,  this  salt  of  mercury  forms  the  iiigbly  important 
medicine  known  as  calomel  (precipUalcd),  If  some  of 
it  h  moi.Htened  with  pota^^a  or  lime  water,  it  becomes 
black,  owing  to  the  suboxide  uf  m«jrcury  being  set  fr«c; 
thus  is  explained  the  Greek  name  calom&i  (itakSs^  beau- 
tiful, iu'^ai,  Llndc).  This  4^*^:  "  '  "  '  'V 
diH!ompo5cd  by  light  Form  f» 
cury  wafi  univcrsaUy  prepared  from  chloride  of  metcury 
and  metallic  >  '  '  ruhlieil  '  id 
sublimed  (s>:                                     tUL^   i               '   ^    "1 
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and  Hg  are  converted  into  Hg,  CI,  a  heavy,  dystalUne, 
white  mass,  which  Ib  pulverized  ajid  washed  out  many 
tiint*s  with  boiling  water.  The  powder  Uiua  obtained 
has  a  slight  yellowish  tinge, 

371,  Miraie  of  the  Pemxide  of  Mercury  (Hg  O, 
N  Oj).  —  ExperimeiiL — ^  Dissolve  in  a  flask,  at  a  moder- 
ate hc^at,  sonjc  mercury  in  nttric  acid,  and  when  com* 
pletely  dissolvedj  bail  the  liquid  briakly  for  some  min- 
utes. While  boiling,  the  mercuiy  combines  with  as 
much  again  oxygen  as  in  the  cold^  and  aceordingly  nt- 
tf^e  of  peroxide  of  mermr^  is  produced,  which  crystaW 
lixcs  from  the  liquid  on  cooling*  A  solution  of  this  salt 
givcBi  with  |>otaasa  or  Ume-water,  a  yeUowkh-red  pre- 
cipitate  of  peroidde  of  mercury^  but  it  is  not  Fendcred 
turbit]  by  muriatic  acifl  or  common  salt. 

372,  Peroxide  of  Mtrcuri/  (ligO), —  Experimtni. — 
Heat  gradually  in  a  t4*at4ube  some  of  the  crystals  of 
the  nitrate  of  peroxide  of  mercury,  till  they  ccaae  io 
give  off  fumes ;  the  nitric  acid  escapes,  partly  decora- 
posed  into  nitrous  acid,  the  o?dde  of  mercury  remains 
behind.  Its  red  color,  however,  appears  first  on  c^aol- 
ing;  as  long  as  it  is  hot,  it  looki  blacJc,  It  is  resolved 
by  too  strong  a  heat  into  oxygen  and  metaHic  raercuiy 
(^50). 

373,  Perchhrid^  of  Mermrff  { Hg  CI  )* — Ejqpcriimnt,  — 
Heat  some  peroxide  of  mercury  with  muriatic  acid,  and 
continue  tiddrng  tlic  latter  till  a  complete  solution  is 
obtained;  the  white  prismatic  crystals  which  separate 
on  cooling  are  muriate  of  peroxide  of  mercmy,  or  pvr- 
chhride  of  mercurt/^ — ^one  of  the  mmt  viokni  poisom* 
The  same  compound  is  obtained  on  a  large  scale,  in 
white,  transparent,  heavy  masses,  by  the  Gubllmation  of 

sidphatc  of  oxide  of  mefeury  with   common  salt; 
K5e  its  common  name,  corrosive  sublimate  (mcrcuiius 
33  • 
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sublimattia  corroslvus)*  Potass  turn  a  calomel  blacky 
but  corrosive  sublimate  yeUowisli'red*  Poisonouji  sub- 
statices  cornmonly  have  tiie  propL'tty  t»f  protecUag  veg- 
etable and  animal  substances  from  decay^  and  perchlo* 
ride  of  mercury  possesses  thia  power  in  a  high  degree. 
For  this  reason,  wood  for  ship-buUding,  and  slui^pers  for 
ralboads.  are  saturated  with  a  solution  of  it  in  water 
(Kf/anisin^)  \  the  plants  of  herbartums  are  passeU 
through  a  solntiori  of  it  ia  alcobol,  &c.  It  miist  not  b@ 
forgotten,  that  these  things  themselves  are  thereby  reti* 
dered  poisonous.  In  cases  of  poisoning,  large  qnao* 
titles  of  whites  of  eggs  juu^t  immediately  be  adijiiriis* 
tered,  as  the  aibumeti  forms  with  the  chloride  of  quick* 
silver  an  insoluble  componnd. 

374,  If  ammonia  is  addt;d  to  a  solution  of  perohloride 
of  mercury,  then  red  oxide  i^  not  precipitatedj  but  a 
white*  body,  which  is  likewise  (as  in  §  868)  a  triple 
compound,  eousisting  of  mejrcury,  chlorine,  and  mii* 
moniiu  It  is  kept  in  the  apothecaries'  shopa  aa  an  ex- 
ternal remedial  application,  tiiider  the  name  of  while 
prrrijntate. 

375.  Krpenmefil. —  Add  some  salt  of  tin  (protoelilo- 
ride  of  tin)  to  anotlier  portion  of  the  solution,  and  himt 
the  liquid  ;  a  gray  powder  wiJl  srpamte;  this  is  m^rcurtf 
in  a  state  of  eMremt  commifmliOTL  If  you  boil  it  witji 
muriatic  acid,  af^cr  having  decanted  the  liq^r  V  **  ^ 
powder  finally  fornm  into  globules.     The  proton 

of  tin  hfus  so  etroiig  a  timdency  to  pas*  over  iuto  per* 
cldoridej  that  it  abstracts  the  chhirine  from  the  rV^    -'■  *. 
of  mertairy-     Thi»  aiiiori  is*  made  available  in  ■> 
for  detecting  the  8aJt«  of  mcrcQiy. 

Mercury  may  be  mint  '  '     i      v  i    ^      ^     i 
Ritioci  with  vi^MiUfl  sut  , 

thnt  no  portidet^  of  jm  ul  i  *\:.  citaccrtHxl  by  Ute  nakod 
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klima.nnerj  mcrcnrial  ointrnent  aod  mercmiial 
'^pls  lc!ra  arc  prepared  by  the  apothccaried. 

Mercury  and  Sulphur. 

376.  Su/pkuret  of  3Itrairtf  {Ug  &},— Eiperimetd. — 
If  a  solution  of  chloride  of  m or ciiry  is  agitated  with  a 
Uttk  sulplmreltt^d  hydrugea  water,  or  sulphuret  of  am- 
motimm^  a  white  precipitate  is  farmcdf  which,  on  add- 
ing more  of  tlie  precipitating  body,  becomes  jellow, 
bFovvU}  and  finally  black ;  the  black  sabstaiKse  is  muI-- 
[phurei  of  mercury,  Thh  compoaiid  is  abo  obt^xicd  by 
mixing  mercury  ^^ith  malted  nilplmr,  at  ifldeed  by  nd^ 
bing  it  for  a  day  with  flowcis  of  solplnir  (EMopg  mim^ 
eral)*  If  thi^  black  sulphuret  of  m&emy  is  iabUmfld 
iti  a  glasd  tube,  thrn  m  blacHali  trd  dyitaOiae  mmm  h 
obtaii^ed,  the  color  of  wbidi»  kf  friedoa*  fomm  «v«r 
iato  the  most  roagnifiiwMi  acaricl-mlr  Tkm  AJpitoMl 
of  qutekstlver  in  tbia  aisle  ii  cdki 
bar.  The  ted  mtdtimblmAmarbamt^i 
precisely  ooe  and  the  mii»  ^amfomia^wmtjfit »  ^ 
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Cinnabar  also  occurs  in  natorcj  and  wc  hnvc  in  it 
the  most  imporlajit  ore,  from  which  we  obtaia  mercary 
on  a  large  scale.  Small  globules  of  pore  nicrctupy  are 
also  fouud  in  many  porous  stoiieii* 

377.  Preparaiian  on  a  Large  iScale,  —  EjTperiment* — 
Mbt  a  Uttie  vermilion  with  half  ita  quantity  of  iron 
Eiiugs,  and  heat  the  mixture  in  a  dry  test-tube ;  email 
globules  of  mercury  will  soon  deposit  themselves  on 
tile  upper  cooler  portions  of  the  glass,  while  the  9id» 
phur  remains  combined  with  the  iron.  Mercury  is  ob- 
tained in  a  similar  manner  from  native  cinnabar,  by 
distilling  it  with  iron  or  lime  in  large  iron  retorts ;  the 
foreign  earths  remain  behind  in  the  latter.  This  heavy 
liquid  ia  importt;d  either  in  leather  bags,  iron  Hasks,  or 
hollowed  out  bamboo-canei. 

378.  Ajnalganu- — Experiment. —  Introduce  a  glob* 
ule  of  mercury  into  a  porcelain  dish,  put  upon  it  a 
piece  of  lead^  and  let  them  remain  for  some  lirne  jn 
contact;  both  metals  will  intimat**Iy  combine  together* 
K  the  proportion  of  mercury  is  sinaUj  a  friable  mii^ts 
ia  produced,  but  by  increasing  the  quantity,  a  paste, 
and  J  if  still  more  i^  added,  a  liquid  soUition,  is  ob* 
tained.  Mercury  will  combine  in  a  similar  manner 
with  most  of  the  metaisi  forming  what  arc  called  amal* 
gams.  The  amalgam  of  tin  i%  e*spi!eially  iinptirtunt  for 
sUvering  glasBj  so  that  the  ruys  of  light  ialUng  upon  the 
8urfac€  of  the  glass  may  be  reflected  by  the  bright  coat- 
ing of  the  amalgam.    Such  glasses  arc  called  mirrors. 


SILVER,  AKGENTtTM  [Ag), 
Ai.  Wc.  ^  I5&0.  ^  Sp.  Or.  s  10.3, 
379,  Silver  conveys  to  u»  a  distinct  conceptioii  o/ 
^bat  is  mnderdtood  by  a  nahk  metal*     Wc  caa  let  a 
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dollar  of  pure  f^ilver  remain  exposed  to  the  air,  we  can 
brow  it  uito  the  water,  or  bury  it  in  the  earth ;  it  does 
fliot  rusU  Wc  cnn  subject  it  to  t!ie  greatest  heat;  it 
jay  perhaps  changt^  itij  form,  a»d  melt  (at  about 
|Q00^  C),  bat  it  does  not  oxidize  nor  %"oktirL5Ee^  Silver 
bas  al^o  a  hig-her  ralm  than  moBt  other  m^taU,  not  only 
>n  iirtxnint  of  iti^  nfichan^eabieness^  but  because  \\s  ores 
hof  oomparatively  rare  occurrence  in  nature^  and  the 
e»«  of  ot»t4jifiiiig  them  is  more  costJy  than  that  of 
'  oreft.  A  poimd  of  i^Jlver  h  worth  about  iiftecn  dol* 
ifTs.  It  is  principally  on  account  of  these  two  circum- 
Itances  that  silver  and  gold  have  been  made  to  «erve  as 
lie  medium  of  exchange  in  the  sale  and  purchase  of 
^mmoditics, — that  they  are  used  as  momy.  The  beau- 
lustra  of  silver,  and  its  cxtxaordinary  duetUity,  have 
eover  rendered  it  a  favorite  and  appropriate  metal 
for  vfu-ious  articles  of  luxury,  and  for  plating  other 
jnetals*     The  old  name  for  silver  is  Lmm  fir). 

AUays  of  Stiver, — As  pure  silver  is  very  soft,  and 
ponld  quickly  wear  out  in  using,  it  is  generally  alloyed 
rith  copper,  whereby  it  is  rendered  harder,  without 
loiiiag  its  ductility.  If  the  proportion  of  copper  is  only 
one  fourUii  tJie  sliver  still  retains  its  beautiful  white  col- 
or; but  i^  npper  is  added,  the  alloy  '  ^  yel* 
low,  and  p.'tlj  by  uae.  ll  han  been  o  call 
a  quantity  of  pttro  silvery  weighing  8  ounces,  a  ^ne 
nmrk^  !*  '  !l*  ii*  an  alloy  of  silver  and  copper, 
be  que-  .:^  asked,  What  is  the  proportion  of 
puro  silver  In  6  ounces  1  If  it  amounts  to  7J  ounces, 
f^       '                 t        .     ^,                .^^j^.  if  6,  or 4,  or  2 

c  t  IB  understood  to 

he  6t  or  4,  or  2  ounces  fine     Accordingly  irflvisr  6  ouu* 
t  '  *  fiJiirUi 


I 

■ 

I 
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stance,  doUam,  are  made.*  In  the  twoonnce  silver,  on 
the  contrarj^  the  proportions  are  one  fourth  of  silver 
and  three  fourths  of  copper ;  this  is  used  for  some  of  the 
gmaUer  modern  German  coins,  for  instance,  grosch  ajid 
half-grosch  pieces,  &c,  Whi^n  recently  stamped,  th«y 
are  yellow,  but  the  surface  of  thera  is  rendered  white 
by  boiling  them  ^ith  cream  of  tartar  ond  watrr,  be- 
cause some  of  the  copper  is  thereby  'dissolved,  and  con- 
sequently a  thin  coating  of  pure  sDver  is  produced. 
By  d{t€  weight  is  understood  the  weight  of  a  coin;  by 
value^  the  fineness  of  the  silver  employed* 

Experimenis  wilh  Stiver* 
380-  In  order  to  oxidize  silver,  it  roust  be  treated 
with  acids ;  i(  dissolves  most  readily  in  nitric  mid.  In 
the  following  experiments,  care  must  be  taken  nut  to 
touch  the  solution  of  silver  with  the  fingeri  as  the  skin 
is  stained  black  by  it. 

Nitrate  of  Oxide  of  Sifver. —  ErperimenL — Add  some 
nitric  acid  to  a  silver  coin  placed  in  a  braker«gks8| 
which  must  be  put  in  a  warm  place ;  if  aft^  a  few 
days  the  coin  is  not  entirely  dissolved,  add  more  nitric 
Bcid,  and  wait  till  the  solution  is  completed.  The  blue 
Bolution  consists  of  oxide  of  silver  and  of  oxide  of  cop- 
per, both  combined  with  nitrtc  acid* 

To  separate  these  two  metals  from  each  other,  put 
flome  bright  cop]K?r  coins  into  the  solutioiu  and  ijet  it 

.aside  in  a  warm  place  for  a  ft^w  day  iv^ 

ing  it  a  circular  motion.     The  &eji :  „:  ..  .„ ire 

pure  silver,  which  are  to  be  digested  with  amtnonia, 

I  until  thit^i  ceases  to  be  colored  blue.     The  -  er 

being  washed  and  dried,  is  distfolved  for  ti..    .  .   ud 


Thp  e^il  11.111I  itllrf^r  i^im  IFodttial  ^UMiity]  ciia^aati  ate  tviulii  |>tii« 
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time  in  nitric  add,  and  the  liqnid,  diluted  with  water>  is 
kept  as  solution  of  silver, 

Liinar  Cattsiic,  —  By  evaporating  this  solutioiij  nitrate 
of  oxide  of  silver  (Ag  O,  N  O^)  is  obtained^  in  white  tab- 
ular crystals.  When  these  are  fused  and  formed  into 
slender  sticks  by  casting  in  brass  moulds,  they  consti- 
tate  hiimr  caustic^  known  as  a  corrosive  agent,  em- 
ployed for  removing  proud-flesh,  warb,  &c,  (fused  ni- 
trate of  silver)*  It  not  only  attacks  the  texture  of  the 
skin  and  dyes  it  black,  but  also  other  organic  sub- 
stances ;  on  account  of  this  property,  it  is  often  em* 
ployed  for  dyeing  black  the  hair,  and  also  bones  and 
ivoryj  as  in  chess-men,  &c.  The  black  color  proceeds 
from  the  separation  of  the  oxide  of  silver.  Nitrate  of 
silver  forms  also  the  indelible  ink  used  for  writing  on 
linen. 

3SL  Experitnenls  with  NUrate  of  Silver* 

E:jq}erimeM  a,  —  Place  a  small  piece  of  lunar  caustic 
upon  charcoal,  and  heat  it  before  the  blow-pipe;  it  de- 
flagrates and  yields  metallic  silver,  which  may  be  easily 
fused  at  a  stronger  heat. 

Experimenl  b.  —  Add  some  ammonia  to  a  solntion  of  ^ 
lunar  caustic ;  the  dark-gray  precipitate  is  oxide  of  silver 
(AgO)*  If  more  ammonia  is  added,  it  is  redissolved* 
It  would  be  dangerous  to  continue  this  experiment  any 
further,  as  the  oxide  of  silver  combines  with  ammonia 
and  forms  fidminalif^  silver^  which  explodes  violently 
on  percussion  or  friction.  Another  explosive  compoond 
may  be  prepared  by  uniting  the  oxide  of  silver  with  ful- 
minic  acid. 

Experiment  c^ — Chloride  of  Silven — Dilute  with  wa- 
ter part  of  the  solution  of  silver  obtained  in  ^  380,  and 
add  to  it  muriatic  acid,  or  a  solution  of  common  salt ; 
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yon  obtain  a  white  cordy  precipitate  of  chhriJe  of  silver 
(  Ag  CI).  This  precipitate  is  so  insoluble  in  water,  that 
it  will  impart  a  cloudineaa  to  a  Solution  of  silver  diluted 
a  milljonfold  (§  187) ;  it  is,  however,  easily  dbaolved 
by  aramonia  (test  of  salte  of  silver}.  This  relation  of 
the  solation  of  aUver  to  common  salt  is  made  use  of 
by  silversmiths  for  testing  silver  alloyed  with  copper, 
as  the  quantity  of  pure  silver  in  t!ie  nlloy  may  be  esti* 
mated  from  the  amount  of  the  solution  of  salt  required 
for  its  complete  precipitation  (humid  assoy  of  silver). 
Chloride  of  silver  is  also  called  korn-silve}'^  having  for* 
merly  received  thi^  name  from  the  honi4ike  appearance 
it  assumes  on  melting. 

JBxpcrimeni  d  —  After  having  deeanted  the  superna- 
tant liquid,  nib  the  chloride  of  silver  with  a  cork  upon 
a  sheet  of  paper^  and  let  it  dry  in  a  dark  place,  —  in  a 
drawer,  for  instance;  it  remains  white.  Now  inclose 
the  sheet  in  a  book,  so  that  one  half  may  be  expof-cd  to 
the  light;  this  part  soon  acquires  a  violet,  and  fjitally  a 
black  color,  while  that  protected  from  the  light  remains 
white*  Thus  %///  ahne  is  capable  of  destroying  the 
affinity  between  silver  and  chlorine;  the  chlorine  es- 
capcsj  but  the  BilvQt  remains,  and  in  Uiis  state  of  fine 
sabdivision  its  color  is  black*  On  this  action  of  the  so- 
lar light  on  certain  substances  wem  f<mnded  the  t*^xperi» 
ments  made  some  years  since  by  Uxq  i^atural  philoso- 
pher Dagiierre^  who  at  length  succeeded  in  making  u»e 
of  the  sun  as  delineator,  and  of  the  sails  of  ^iUvT  (espe- 
dally  the  compounds  of  silver  with  chlorine,  broaiijie» 

land  Iodine)  as  crayons  or  Inilia  ink,  in  jmidueing  ibo 

80»eallrd  Da^ietreof: :       -  -  '    ' '    - -.     :  — 

Ei'periment  a, — ^  lU 

I  pliureUi^l  hydrogen  to  a  soiution  oi  siiver  ycni  obUun 
biyji  precipitate  of  sttlphurei  of  sihtr  ( Af  8).     This 
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eoinpomid  occurs  in  oattire  as  the  most  important  aU- 
ver  ore ;  it  is  cailed  nlver-g-lance.  Silver  is  likewise 
found  in  a.  pure  states  or  in  combination  with  arsenic 
and  antimony,  as  red  silver  ore, 

382,  Preparation  of  Silver  mi  a  Large  Scale.  —  The 
preparation  of  eilver  from  its  ores  is  adapted  to  the  oth- 
er ores  with  which  the  silver  ores  are  commonly  mixed. 
The  three  following  methods  are  thoae  most  frequently 
resorted  to. 

a.)  CupeUation.  —  Galena  generally  contains  small 
I  quantities  of  silver.  In  order  to  extract  this,  the  galena 
[is  first  reduced,  by  roasting  and  smelting  with  chareoalf 
I  to  metallic  lead,  in  which  the  silver  is  also  contained- 
This  mass,  containing  silyer,  is  then  put  into  a  kind  of 
reverberatory  furnace,  called  the  refining'  hearth^  and 
which  is  hollowed  out  like  a  kettle  j  it  is  there  lieated 
for  a  day,  while  a  constant  current  of  air  is  passed  over 
the  metal,  until  all  the  lead  is  at  last  converted  into  ox* 
ide.  The  oxide  of  lead  melts  in  the  heat,  and  flows  off 
partly  as  litharge  through  a  tube,  and  partly  soaks  into 
the  porous  mixture  of  clay  and  Ume,  which  has  been 
firmly  beaten  down  on  the  hearth  of  the  furnace;  but 
the  silver,  which  is  not  oxidised,  remains  beliind  in  a 
metallic  slate  {refined  silver).  This  is  rendered  still 
purer  by  being  again  fused  in  elay-basins  (smaller  cu- 
I>els),  which  absorb  the  remainder  of  the  litharge  {fine 
siluer).  If  other  less  noble  metals  are  present  in  tho 
Silver  ore^  they  are  likewibe  oxidized  and  carried  down 
into  the  cupel  by  the  litharge.  These  methods  can 
also  be  employed  on  a  small  scale  for  estimating  the 
alloys  of  silver  (assai/  bt/  the  cupel). 

b*)  Liquation  Process,  —  Many  of  the  copper  ores  also 
eontain  silver,  and  yield,  an  rcductiun,  a  copper  con- 
taining silver  (§  3^3).  The  silver  is  fused  and  extracted 
M 
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from  this  ore  by  means  of  leatlj  in  tlie  same  way  as 
potassa  13  dissolved  aiid  extracted  from  wood'aslies  by 
water.  The  calcined  ore  is  mixed  with  a  large  propor* 
tion  of  leadj  and  then  fased  and  run  into  pigs,  c^ed 
Hquation-cakeSj  which  are  placed,  with  laycra  of  char- 
coal, upon  an  inclined  hearth.  When  the  coal  Is  ignited, 
the  heat  h  ijideed  sufficient  to  melt  the  lead,  but  not 
the  copper ;  conseqtiently  the  lead  flows  ofTj  and  carries 
with  it  the  silver,  whilst  the  copper  remains  behind. 
This  mixture  of  lead  and  stiver  is  finally,  as  described 
at  CE,  converted  into  metallic  silver  and  oadde  of  lead 
in  the  refining-heartk 

€.)  Process  of  Amalgamatioju — Silver  m  often  ex- 
tracted by  means  of  mercurt/  froin  the  ores  containing 
piire  gilver  or  sulphuret  of  silver,  but  no  admbctnfe  of 
lead,  Bnt  in  the  case  of  silver-glance  the  metallic  sil- 
ver must  first  be  separated  from  the  sulphur.  This  is 
done  by  two  operations.  In  the  first,  the  stamped  ore 
is  roasted  with  common  salt^  by  wlilcli  process  chloride 
of  silver  and  sulphate  of  soda  are  formed ;  in  the  second, 
the  roasted  ore  is  mixed  witli  water,  iron,  and  merciury, 
and  kept  in  constant  agitation  for  some  time  in  do»t*d 
casks*  Chloride  of  iron  and  metallic  silver  arc  thereby 
formed,  tlie  latter  of  winch  is  disHohTcl  in  the  mercury. 
The  excess  of  mercury  is  then  filtered  offj  and  a  solid 
silver  amalgam  is  obtained  by  subjecting  it  to  pre^^nrc, 
and  the  mercury  is  at  last  completely  removed  from 
the  amalgam  by  dUtillation- 
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^-^'  -y^z^TTwcw    ~  ^'  found  in  roost  eonntrieg,  yet  it 
I  diiseniijiated  so  i^paringly,  and  the  separation  of  It 
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>m  the  rocks  or  ihe  river-sand  in  which  traces  of  it 

foccur  is  attended  with  so  much  labor,  that  it  is  rcn- 
dtired  tbo  mo&t  cosily  of  our  tuetals.  The  value  of 
gold  is  about  fifteen  times  greater  than  that  of  silver.* 
ItB  unchangeableness,  its  beautifol  color,  its  high  las* 
trcj  and  great  density,  have  stamped  it  as  the  noblest 
nietnl,  —  the  khig  of  metals.  It  was  fonnerly  regarded 
as  the  symbol  for  the  king  of  the  stars,  and  was  called 
Sol,  or  Sun  (O)*  It  surpasses  even  gilver  in  ductitily, 
may  be  beaten  out  into  ©xtomely  thin  leaves  (gold- 
eal),  and  a  single  grain  of  gold  may  be  drawn  out 

Fintoa  wire  five  hundred  feet  iu  length.     As  it  always 
exists  iji  a  metallic  state   la   nature,  and  has  a  very 
eat  specific  wciglit,  the  most  simple  method  of  scp- 

'  axating  it  from  the  sandsi,  or  from  the  stamped  ores,  is 
either  by  washing  with  water  or  by  amalgamation 
with  mercury. 

Ptire  gotdf  like  pure  silver,  is  exceedingly  soft,  and 
quickly  wears  out  in   using;   therefore,  when  it  is  to 

,  be  manufaclurpfl  Into  coina  or  articles  of  luxury,  it  is 
alloyed  with  other  metals,  tisuaUy  niver  and  copper^  to 
render  it  harder.  The  quantity  of  pure  gold  contained 
in  a  mass  is  expreased  by  the  word  carat^  the  standard 
number  not  being  8,  as  in  silver,  but  24.  A  mark  ol 
gold  (S  ounces)  is  divided  into  24  parts  or  carats*  I( 
gold  is  said  to  be  18  carats  fine,  It  is  understood  that  the 
mass  con&isis  of  three  four*  lis  (18  parts)  of  gold,  and  one 
fourth  (6  parts)  of  alloy ;  if  6  carats  fine,  of  one  fourth  (6 
parts)  of  gold,  and  three  fourths  (18  parts)  of  alloy,  &c* 
384.  Fartitiff  of  Gold.  —  In  order  to  obtain  fine  gold 
from  allayed  gold,  o?  to  separate  it  from  silver  con- 

•   **  Gold  U  regularly  parclittstd  by  ih<t  Batik  of  Kngltuiil  at  ilic  raU*  of 
fclertn  twMla)  fine.**  — Watenioti's  O/dijptxdui  if  Gommav^ 
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tainiiig  gold,  it  is  boiled  with  concentrated  sufpbvric 
which  must  be  done  in  iron  kettles;  the  c^snccn* 
\rated  sulphuric  add  does  not  dissolve  iron.  The  sil- 
ver and  copper  are  dissolved  with  the  formation  of  sal- 
phurous  aciclj  while  the  gold  remains  behind  undis- 
solved,  as  a  brown  powder*  From  the  solution  of  silvet 
and  copper,  tlie  silver  is  precipitated  by  copper,  and 
blue  vitriol  is  obtained  as  a  secondary  product  Thisi 
operation  is  called  rejimrig'. 

Fomaerly,  with  the  same  view,  silver  containing  gold 
sras  dissolved  in  niiric  acid^  which  does  not  dissolve  the 
&ld,  though  it  does  silver*  In  this  case  the  remark- 
'  able  fact  was  observed,  that  the  silver  was  completely 
dissolved  only  when  three  fourths  of  silver  were  pri*^ent 
to  one  fourth  of  gold  (two  thirds  of  silver,  however^  i« 
an  adequate  proportion) ;  hence  the  term  gtmrlatiotk 
If  more  than  one  fourth  or  one  third  of  gold  is  contained 
in  the  alloy,  the  gold  exerts  a  protecting  influence  upon 
the  silver,  so  tliat  the  latter  is  not  attacked  and  dis- 
solved by  the  nitric  acid» 

The  most  simple  mode  of  testing  golil  is  to  rub  some 
of  it  off  upon  a  black  flint  slate  (touchstone),  and  ap- 
ply to  tlie  mark  a  drop  of  aqiuufortis.  If  the  gold  is 
Fpufc  the  yellow  stroke  rcmaini*  unchanged,  but  if  al- 
loyed it  partly  disappears;  if  it  is  only  an  imitatloa 
of  goldj  for  instance,  tombac,  it  entirely  dli^solvea. 

385.  Gold  and  Adds.  —  None  of  the  common  acid^ 
alone  can  dissolve  gold,  since  this  metal  Is  in  a  high 
degree  inditlerent  towards  oscygen  and  addf^  Clilorine 
is  the  only  means  of  remiefing  it  soliihle  (§  152). 
Commonly  the  chlorine  is  obtained  for  this  purpose  by 
tniadng  muriatic  with  aitxic  acid ;  in  this  mixture^  tlie 
Well-known  aqtm  rvg^ia^  the  g(T^  ly 

by  suiEcicnt  heating,  and  a  brv/**.« 


* 
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[wbtaified  (sohuion  of  gold}*     By  evaporating  ihis  solu* 
Ition  to  dryness^  tcrchlaride  of  gold  (Au  Cl^)   is  ob- 
^tained,  as  a  brownish-red  deliquescent  salt-     Metallic 
gold  sepamtes  from  it  on  exposure  to  the  light,  arid  like- 
wise separates  by  intToducing  phosphoms,  iron,  zinci 
and  other  metak,  into  a  solution  of  it 

Experimenis  mth  Gold, 

38G.  Gilding,  —  Exfrnrimeni  a.  —  Dip  a  dry  tcBt-taba 
into  a  diluted  solution  of  gold,  so  as  to  moisten  the  bot- 
tom of  it,  and  then  heat  it  over  the  flame  of  a  epirit- 
lamp;  it  will  become  gilded,  —  a  proof  that  gold  haa 
only  a  very  feeble  affinity  for  chlorine,  since  it  releases 
it  at  a  mere  gentle  heat 

KrpfrimeM  b,  —  Drop  eonic  of  the  iolutioE  of  gold 
upon  blotting-paper;  let  the  paper  dry,  and  then  hold 
it  by  means  of  a  wire  over  the  flame  of  a  spirit-lamp  \ 
you  obtain  finely-divided  gold,  mixed  with  the  ashes  of 
the  paper  as  a  colierent  loose  mass.  If  you  rub  this  for 
sorac  time  upon  a  bright  sQver  spoon,  with  a  soft 
cork  which  has  been  dipped  in  salt  water,  the  silver  be* 
comes  gilt  {cold  gilding).  There  are  otiier  methods  of 
gilding;  —  the  moiU  gildings  m  which  the  copper,  brass, 
or  silver  article  a  are  boiled  with  a  very  dihiled  f^olutlon 
of  gold,  to  which  some  bicarbonate  of  soda,  or  cyanide 
of  potuitsium,  has  been  added ;  the  hot  or  quicksilver 
gildings  by  which  these  articles  arc  smeared  with  a  so- 
lution in  mercury,  and  afterwards  heated ;  the  galvanic 
gitdiitgy  which  is  done  in  the  saime  manner  as  the  gal- 
vanic coppering.  The  ulvcring  of  metals  is  conducted 
on  the  same  principle. 

387.  .Gold  Powder.  —  EjrpermeTU. ^- Dtop  into  a 
weak  solution  of  sulphate  of  iron  some  niuriaiic  acid, 
then  some  of  the  solution  of  gold  j  tJie  Ilcfuid  im- 
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mecliately  assumes  a  changeable  dark  and  browBisll 
color,  but  it  appears  of  a  beautiful  blue  color  by  trans* 

.mitted  light.     On  standings  a  bro\%ii  substance  b  de- 

'posited,  which  is  gold  in  the  state  of  roinutest  subdi- 
vision igold  powder).  The  green  vitriol  i»  at  the  flame 
tiroe  converted  into  the  sulphate  of  the  sesquioxide  of 
iron,  and  into  sesquichloride  of  iron  j  decorapoaitioii  is 
thus  produced,  by  the  great  tendency  of  the  protoxide 
of  iron  to  pas»  over  into  the  sesquioxide  of  iron.  Itt 
this  way  the  workers  in  gold  precipitate  that  metal  fipom 
liquids  containing  it  By  triturating  gold  powder  with 
oil  of  lavcnderi  the  color  made  use  of  by  painters  for 
gilding  porcelain,  glas%  &a,  is  obtained. 

388,  Gold  and  Oxt^en. —  If  the  solution  of  gold  i* 

^Applied  to  the  skin,  or  to  aay  other  organic  stibstancct 
imparts  to  it  on  drying  a  dark  pnrple^c^larcd  gtain, 
proceeding  from  the  protoxide  of  gold  (AuO).  ThLi 
protoxide  of  gold  is  also  formed  on  the  addition  of  tlie 

^polution  of  gold  to  prolochloride  of  tin  {purple  of  Cos* 
Hm).  That  the  moat  beantiful  piir|>le  color  is  produced 
by  this  on  glass  and  porcelain  has  already  been  men* 
tionedf  under  the  head  of  tin  (§322)*  Gold  may  be 
recognized  in  its  solutions  by  salt  of  tin.  Teroxide 
of  gold  (Au  Oj)  is  of  a  brownisli-black  color,  and  com- 
ports itself  like  an  acid  towards  bases.  It  combines 
with  ammouiii,  like  the  oxide  of  iilvcri  forming  fnlmi- 

^natiri       ■:  ■ 

^^  ,  V  uret  of  Gold.  —  When  Bulphuretted  hydro- 

gen is  added  to  n  solntion  of  gold,  it  black  prtcipitale 

1  reetly 

With  sulphur,  by  fasltig  them  fogi'ther. 
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FLATlHTJir  CPt) 

At  Wfc  =  1232.  — Sp.  Gr.  =  tl.fi* 

390*  Plattnuni,  a  metal  of  rtiU  greater  density  than 
gold,  was  brought  in  the  last  century  from  Aroeriea, 
where  it  wa»  fotmd,  in  the  form  of  smalls  Hajtened 

IgrainSf  mixed  with  the  sands  from  which  the  gold  was 
washed*  It  received  the  name  platinum^  derived  from 
the  Spanish  word  piaia^  Btlvcr,  on  account  of  iU  rc- 
iblance  to  silver  in  color  and   ductility.     It  was 

lliftrrwards  found  also  in  the  sand  of  the  Ural  Moun- 

*1ains,  in  compact  lumps j  from  the  size  of  a  flax-seed  to 
that  of  a  man^B  fi«t.  Platinum,  like  gold,  is  a  noble  met- 
al, and,  like  iroti,  is  iemim>n.%  ductile^  and  can  be  welded^ 
and  is,  moreover,  infuKiblc  at  the  strongest  furnace 
heat  These  properties  have  rendered  platinum  an  in- 
valuable metal  to  the  chemist     Sulphuric  and  hydro- 

^fiuoric  acids  can  be  distilled  in  platinum  retorts,  aqua- 
fortis  can  be  boiled  in  platinum  capsules,  and  substances 

^can  be  subjected  to  the  strongest  white  heat  in  plati- 
Sum  crucibles,  or  on  platinum  foil  or  wire,  wiUiout  the 
platinnni  articles  being  broken  or  melted.     It  ia  only 

ijieaessary  to  be  careful  that  no  metid  be  heated  with 
platinom,  as  a  fusible  aJloy  might  thus  be  formed,  and 
tjie  platinum  apparatus  be  melted  or  broken  even  at  a 
modenite  heat  The  value  of  platinum  is  interraediata 
between  that  of  gold  and  silver,  and  in  RuB.'^ia  it  has 
been  coined  into  money.  It  b  lesg  adapted  for  articjcs 
of  luxury  than  either  of  these  two  metals,  its  color  not 

Mbeing  of  a  pure,  but  of  a  grayish  white,  and  its  lustre 
far  inferior  to  that  of  silver.  It  can  be  fuacd  by  the  oxy- 
hydrogen  binw-pipe,  or  by  the  galvanic  batteiy. 

39L  Platinum,  like  gold,  is  dissolved  by  heating  it 
for  a  long  time  with  a<|ua*regia  j  and  a  dark-brown  so* 
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lutien  of  chloride  of  platmani  =  Pt  C\  is  obiaijied 
(soliUlon  of  piuHnnm).  A  Bmall  quaatily  a(  this  solu- 
tion can  easily  be  prepared  from  one  or  several  piece-a 
of  spongy  platinum,  such  aa  are  employed  io  tho  IK>- 
bereiiier  Uydrogen-larap, 

Kvperiments  with  Platinum. 

399*  Finelif  diindtd  PMinum.  —  ExpefimenL^^  Add 
a  few  drops  of  a  solution  of  platinam  to  a  solution  of  aal 
ammoniac ;  the  two  salts  will  combine  togethnr,  forming 
a  yellow  insoluble  double  salt,  which  is  called  chloride 
of  ptatinum  and  ammonimiu  After  settling,  decant  the 
supernatant  liquid ;  let  the  precipitate  partly  dl)'  in  a 
dish,  so  that  it  forms  a  moist  paste ;  affix  it  to  a  plati- 
num wire,  several  times  bent,  and  hold  it  In  the  flame 
of  a  spirit-lamp.  The  sal  ammoniac  ilies  off^  hut  tlie 
platinum  remains  behind  as  a  gray,  loosely  coberent, 
porous   mass,   the   so-called  s^wngy/  /  '  '  ""    n 

held  in  hydrogen,  it  becomes  red*holj  'i 

gaa  (§  85),  The  porous  platinum  acta  on  gases  in  the 
same  manner  as  the  pump  of  an  siir-gnn,  .    V   "  n? 

rapidly  and  vigorously  ;  it  absorbs  them,  mi  ^ 

them  80  powerfully  together  into  itn  pores,  that  tlie 
itoms  of  two  different  gases  often  approiM  '  '  other 
afficiently  near  to  combine  together  cli'  ^       A* 

Iiydrogen  and  oxygen  are  In  this  instance  compelled  to 
unite,  so  the  spongy  platinum  can  force  many  oUn^r 
gasea,  which  will  not  directly  combine  witli  each  other, 
to  enter  into  combination* 

Pure  platiucra  h  common'  mjjl'V 

platinum,  whjuh  h  heated  to  v      :  :.    |ivick- 

ly  compressed  by  strong  pressure.  A  compact  mass  h 
IV        '    iSnid,  which,  un  "  i^n  heated,  may  be 

ii  J   out  into  nnji  ,   -(X?8,  and  afterwi 
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rolled  into  plates,  drawn  out  into  wire,  or  raoalded  into 
craeiblcy,  capaules,  &o. 

By  i>ro|3er  chemical  meanSj  platinnm  may  be  divided 
&tiU  uiore  imnuttdy  than  in  the  case  of  spongy  plati- 
irmii ;  it  is  then  obtained  in  the  form  of  a  delicate  black 
pawdcr^  which  posse^scsj  hi  a  stiJl  higher  degree  than 
spongy  platiimmj  the  power  of  condensing  gases  into 
ita  pores  ;  it  is  called  plalmum  blai-Jc,  If  soine  alcoho 
be  dropped  upon  this  platinum  black,  ignition  taKcs 
•  place,  with  an  almost  instantaneous  conversion  of  the 
alcohol  into  acetic  acid,  Tlie  reason  of  this  change  is 
tjo  be  sought  far  in  a  combination  of  the  alcohol  with 
the  oxygen  of  the  airj  wliich  is  effected  by  metini  of  the 
porons  platitmtn  bhick. 

393,  Ejcpcrim^tit- — If  you  perform  the  experiment 
described  in  ^^^  with  a  solution  of  platiimm,  you 
obtain  a  coating  of  metallic  platinum  upon  the  glass* 
The  combination  betu^een  this  metal  and  chlorine  is 
likewiae  so  feeble,  that  heat  alone  is  able  to  destroy  it. 

394-  Ej^erimenl,  —  Disaolvc  one  of  the  salts  of  po- 
taaaai  and  add  to  it  some  drops  of  solution  of  platinum  ; 
hem  also,  as  in  §392,  a  yellow  insoluble  precipitate  Is 
formed,  consisting  of  potassium,  platinum,  and  chlorijie. 
The  solution  of  platiimm  senses,  thcrefarc,  as  a  test  for 
tiie  salts  of  potassa  (and  salts  of  ammonia)*  The  solu- 
tion of  platinum  Is  precipitated  black  by  snlpbuietted 
hydrogen  (siulphiirct  of  platinum). 

Platinum  forms  with  oxygen  a  peroxide  and  a  prth 
Umdt;  likewise  with  chlorine,  a  perchhride  and  a  pro* 
[loe&taride. 

Palladium^  Indium^  Rhodium^  and  Omnutn. 

395.  These  fonr  metals  are^  aa  it  were,  the  sateUitjcs 
of  platiimm ;  tliey  are  always  found  in  small  quantitiei 
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in  tlie  cmde  platinum  sand,  and  are  obtained  on  tl 
purification  of  the  latter,  by  a  somewhat  elaborate  pro- 
cess*    They  also  have  the  eharacter  of  noble  metals* 


RETBOSFECT    OF   THE   SECOND    GROUP    OF   THE 
HEAVY  METALS. 

1,  The  metals  lead,  bismivth,  copper,  mercury,  silver, 
gold,  and  platinum  do  not  posBess  the  power  of  deeom-j 
posing  water,  that  is,  of  abstracting  its  oxygen,  Ytki 
the  metals  of  the  first  group;  thcreforCj  eoneentrated 
ftcids  must  be  employed  for  their  solution. 

2,  Their  lowest  degrees  of  oxidation  are  husen^  while 
their  higher  degrees  comport  themselves  sometimes  like 
bases,  sometimes  like  acids. 

a.  These  metals  most  frequently  ooeur  in  nature 
tineombined,  or  aa  sulphuretsj  rarely  as  oxides. 

4.  They  have  a  greater  spccilic  weight  than  tbo 
metals  previously  described  ;  it  vujies  from  8.8  to  21-5. 
(That  of  iridium  is  indeed  23.0). 

5i  They  are  all  precipitated  as  black  sulplmrch  by 
sulphuretted  hydrogen  and  stdpbide  of  onimoniuio ; 
the  sulphurets  of  gold  and  platinum  arc  redissolved  by 
the  latter  reagent, 

6-  The  metals  mercury,  ailver,  gold,  and  platinnm, 
together  with  the  last-named  associates  of  platinum, 
are  called  noble  vieiah^  because  they  remain  bright 
_Uie  air  or  in  water.  When  oxidized  by  ulher  meana 
oddsy  for  instance,  the  oxides  may  be  again  re^soh  fd 
Merely  by  heat  into  metal  and  o%yg^n.  *T\m  is  cflectcd 
with  the  ignoble  metal*  only  by  the  addition  of  a  fo- 
doeing  agent,  us  by  charcoaL 
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THIRD  GROUP  OF  HEAVY  METALS. 

TUNGSTEN,    MOLYBDENUM,    TELLUEIUM,   TITAMUH ' 
TANTALUM,  VAKADIUit,  NIOBIUM,  PELOPIUM. 

396.  These  metals  occur  only  as  chetjiical  raritiesi 
and  have  not  yet  found  any  UBeful  application*  Their 
highest  degrees  of  oxidation  are  clearly  defined  acuk. 
The  first  two  are  the  most  cammonj  as  they  are  some- 
times dug  out  from  tin  mines^ — ^  tungsten  as  wolfram 
ore,  and  molybdenum  as  sulphuiet  of  molybdenum,  or 
molybdate  of  lead. 


CHTtOMlUM  (Cr), 
At.  Wi.  ^  31$.  — Sp.  Or,  «=  «* 

397*  Chromium  has  only  been  known  within  a  few 
decadc^i  and  already  sevenil  of  its  combinations  have 
become  common  and  valued  articles  of  commerce. 
The  eause  of  thi^  rapid  extension  is  owiijg  to  the  beau* 
tifnl  color  of  many  of  the  preparations  of  chromiumj  on 
account  of  which  they  are  excellently  adapted  for  pig- 
ments* This  also  has  given  rise  to  tlie  name  chromiuTfh 
(color). 

The  most  important  ore  of  chromiumj  chromale  of 
iroUy  an  iimlgnificant  looking  blnck  mineral,  is  mostly 
obtained  in  North  America,  and  is  manufactured  into 
a  red  salt,  which  consists  of  jMitmsa  and  chromic  aciiL 
The  other  compounds  of  chromium  are  prepared  from 
this  salt 

Fig^  m.  298.  The  Red  Chromale  or  Bkhro* 

male  of  Potassa  (KO,2Cr04  is  an 
acid  salU  for  it  contains  two  atoms  of 
chromic  acid  and  one  atom  of  po^ 
tassa,  and  commonly  occurs  in  bi*aa- 
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iiM  tabtilar  or  pi iematie  crystals.  Hub  an  ounce  of  it 
with  ten  ounces  of  water ;  it  will  dissolve  in  itj  fonnijig 
an  orange-yellow  solution. 

Experimeni.  —  Add  to  one  half  of  this  solotion  a 
dram  of  pure  carbonate  of  potassa,  and  concentrate  by 
evaporation  the  liquid,  which  has  become  of  a  dunr 
yellow  color;  on  c^oling^  yellow  crystals  will  be  d*?* 
posited*  These  consist  of  neutral  ehmmale  of  potassa 
(K  O,  Cr  Oj)*  The  potassa  of  the  carbonate  of  potaasa 
hasj  while  the  carbonic  atud  escapedi  combined  witli 
the  second  atom  of  chroniic  acid*  If  nitric  add  ia 
idded  to  a  solution  of  the  yellow  salt,  the  liquid  be* 
eomes  darker,  and  on  evaporation  red  crystals  arc  ob- 
taijicd,  mixed  with  crystals  of  nitre*  It  is  obvious  that 
the  nitric  acid  has  abstracted  half  of  the  potassa, 

399.  Chromaie  of  Oxide  of  Lead  (Pb  O,  Cr  O,).— 
Experiment-  —  Add  to  a  portion  of  the  solution  of  the 
•ed  salt  a  solution  of  sugar  of  lead,  as  long  as  there  Im 
any  precipitate ;  this  precipitate,  when  washed  and 
4ried^  is  the  well-known  chrome  peHow^  and  is  the 
richest  and  most  vivid  uf  all  the  yellow  ])igTnentsi.  By 
mbdng  it  with  white  substances, — for  instance,  chalk, 
talcj  clay,  gypsum,  &c,  —  numcrooj  other  shades  of 
yellow  are  obtained,  as  new-imperial,  king^is  PiUM,&e, 
yellow;  but  by  mining  it  with  Prussian  blur.  ''  -  ^11- 
known  cheap  green  pigments  arc  obtained,  •  vc 

green,  Naples  green^  green  cinnnbar,  &4** 

RtpcrimtHL  —  If  ehfome  yellow  is  stirred  up  witn 
wat<»r  and  heated  with  some  carbonate  of  potassa,  it 
passes  into  chronic  orange^  whidt  m  also  used  as  n  painU 
eVa  colon     ThU  contains  ;--  '        '         '        i.eaeld 

tiiaii  the  chrome  yellow;  u  ^         stt  ab- 

stmctd  from  the  chrome  yellow  a  portion  of  the  chromie 
'      1      '     '  '       ■  '       '         "  *w  color  of 
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By  fusing  with  nitre,  stUl  more,  even  a  half,  of  the 
chromic  acid  may  be  withdrawn  from  the  chrome  yel- 
low ;  in  this  way  we  obtain  a  beautiful  red  color,  al- 
most rivalling  that  of  cinnabar,  chrcmie  red^  or  basic 
chromatc  of  oxide  of  lead  (2  Pb  O,  Cr  0»).  Thus  we 
see  that  the  colors  of  the  combinations  of  lead  comport 
tliemsclves  inversely  to  those  of  the  combinations  of 
potaasa ;  the  chrome  yellow  passes  into  orange  and  red 
by  abstraciinff  chromic  acid,  while  yellow  ehromate  of 
potassa^  on  the  contrary,  becomes  red  by  adding-  more 
chromic  acid,  or,  what  amounts  to  the  same,  by  with- 
drawing potassa. 

£^€rimcnt,  —  Chrome  yellow  has  obtained  also  a 
very  important  application  in  the  dyeing  and  printing 
of  yarns  and  fabrics.  First  dip  a  piece  of  cotton  into 
a  solution  of  ehromate  of  potassa,  then,  after  it  has  be- 
come dry,  into  a  solution  of  sugar  of  lead ;  it  is  dyed 
$^cliow*  If  you  now  boil  a  little  quicklime  with  water 
in  a  vessel,  and  then  dip  the  cotton  dyed  yellow  into  it 
for  a  few  moments,  it  will  acquire  a  rcddi^h't/elhiv  col- 
or, because  the  lime,  juat  like  the  carbonate  of  potassa, 
abstracts  some  chromic  acid  from  tJm  clnrome  yellow. 
It  is  scarcely  necessary  to  explain  any  further  why 
chrome  yellow  caimot  be  used  for  painting  the  walls  of 
apartments.  Salts  of  zinc  and  baryta  are  precipitated 
ycUoWi  salts  of  suboxide  of  mcreiiry  a  brick*red,  and 
salts  of  silver  a  purple-red,  by  ehromate  of  potassa. 

400*  Sesquloxide  of  Chrommm  {Cr^  Oj).  —  &perimenL 
— Boil  some  chrome  yellow  in  a  test-tube  wiih  muriatic 
acid;  it  becomes  white, and  tbe  liquid  green;  the  white 
residue  consists  of  muriate  of  oxide  of  lead  (chloride  of 
lead),  but  the  liquid  holds  in  solation  muriate  of  the 
iesqumcide  of  chwmiuni  (sesqniehloride  of  chrumium). 
A  piece  of  moistened  litmua-papcr,  or  of  ^a^et  ^Tiv^'sit^4 
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with  ink,  introdaoed  into  the  tube  during  the  boiling,  la 
bleached,  as  chlorine  gas  escapes  at  the  same  time. 
Tbe  process  is  auaiogoua  to  that  of  the  evolntion  of 
chlorine  from  black  oxide  of  manganese j  or  from  aqua- 
regia ;  the  chromic  acid  gives  up  half  its  oxygen,  and 
becomes  green  sesquiaxide  of  chromium^  but  the  oxygen, 
becoming  free,  abstracts  from  a  portion  of  the  muriatic 
acid  its  hydrogen,  and  liberates  its  clilorine.  Decant 
|the  green  solution,  dilute  it  with  water,  and  add  to  it 
i ammonia;  the  ammonia  combines  with  the  muriatic 
add,  and  the  sesqiiioxidc  of  chromium  is  precipitated 
as  a  hfdrate  having  a  bhush-green  colon  Dried  and 
ignited^  it  becomes  a  dark  green  anhydrom  oxide,  A 
fine  green  is  produced  by  it  on  porcelain  and  glass;  no 
cordingly  it  is  esteemed  as  a  valuable  vitrifiable  pig- 
ment. 

Expi:riment,  —  The  ease  with  which  chromic  add 
gives  up  half  of  its  oxygen  may  also  be  shown  V*  ith 
chromatc  of  potassa.  Dissolve  in  a  test-tube  a  few 
grains  of  red  cbromatc  of  potassn  in  warm  water ;  add 
a  few  drops  of  sulphuric  acid,  and  heat  the  soluliun 
still  more  strongly.  If  you  now  add  a  little  eugnr  or 
some  drops  of  alcohol  to  it,  a  brisk  ebullition  enawcs, 
and  the  color  of  tlic  solution  is  changed  from  red  to 
green;  sulphate  of  [x>tus3a  and  sulphate  of  sesqui- 
oxide  of  chromium  are  now  contained  in  the  liquid 
401  •  Chromic  Add  ( Cr  O ,).  —  Experiment  —  Kc* 
dure  to  powder  half  an  ounce  of 
red  chromatc  of  potaasa,  put  it  into 
a  porcehiin  di.nh,  and  flicn  add  half 
an  ounce  of  water  and  half  an 
ounce  of  sulphuric  aeiit»  ntid  h**iit 
tlic  whcjle,  with  eon  ', 

for  five  minutes.    If  it  in^rji  mi  il  i« 
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pat  on  blottiiig-papcTj  it  effenrescefi,  and  changes  its  yel- 
iDWish-rcd  color  to  green.  When  the  vessel  is  entirely 
cold,  add  an  ounce  of  cold  water  to  the  thick  saline 
raasd,  Btir  it  a  few  minutesj  and  then  carefuUy  decant 
the  liquid  into  a  beaker-glass*  Wliat  remains  in  the 
dish  is  sulphate  of  potassa ;  but  we  have  in  the  liquid 
a  Bolation  of  ebromia  acid,  which  h  precipitated  as  a 
Tcd  mass  by  adding  to  it  from  one  and  a  half  to  two 
ounees  cif  common  sulphuric  acid.  Cover  the  bcaker- 
' glass  with  a  small  board,  set  it  aside  for  tw*enty-four 
houTB,  and  then  carcfulhj  pour  off  the  snpernatant  acid 
into  a  glass  vesselj  and  transfer  the  red  paste  remaining 
behind  to  a  new  bricks  by  wliich  the  fluid  portion  is 
completely  absorbed.  After  twenty-four  hours,  during 
which  time  the  precipitate  is  kept  covered  with  a  di&h> 
you  obtain  the  chromic  acid,  as  a  crystalline,  red 
powder,  which  most  be  scraped  off  from  the  brick  with 
a  glass  rod,  and  put  into  a  wide-mouthed  phial,  provid- 
ed with  a  glass  stopper.  The  following  experiments 
will  illustrate  the  extreme  ease  with  which  this  highly 
interesting  body  decomposes  into  sesquioxide  of  chro- 
mium and  oxygen. 

Experiment  a*  —  Rinse  out  a  tumbler  with  strong 
alcohol,  then  throw  into  it  a  few  grains  of  chromic 
acid;  the  aleohal  which  remains  adhering  to  tlie  turn* 
bier  will  combine  with  half  the  oxygen  of  the  chromic 
acid,  with  such  energy,  that  it  ignites  and  Ii  ne- 

ously  bursts  into  flame*    The  change  which  r  iiol 

has  hereby  undergone  is  at  once  revealed  by  the  odor, 
siimilar  to  that  of  the  vinegar  ap.irtmcnt^ ;  in  the  latter, 
the  alcohol  contained  in  the  brandy,  beer,  AlC.  &lowly 
imbibes  oxygen  from  the  air,  and  is  converted  into 
Tinegar;  in  the  present  case  thi^  conversion  is  insian- 
taneously  produced  by  the  oxygen  of  the  ctaromic  add. 
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Mcperiment  b*  —  Mix  in  a  small  mortar  as  mndi 
chiomic  acid  as  can  be  taken  up  on  the  point  ot  a 
knife  Ts^th  about  one  quarter  ag  much  of  powdered 
camphor  (without  pressing  upon  it  strongly )»  and  Uicn 
let  some  drop^  of  alcohol  fall  frora  a  eon^idcrable  Insight 
into  the  mortar;  iustantaneoiis  ignition  and  dcflagta* 

^iion  ensue,  almost  m  if  you  were  burning  gunpow* 
Jer*  The  reddue  in  the  mortar  presents,  after  the 
decomposition,  tlie  appearance  of  an  elegant  gn»eii 
mossy  vegetation;  it  eonsists  of  sesqui oxide  of  chro- 
mium, which  at  the  moment  of  its  formation  was  scat* 
tered  by  the  burning  camphor  fumesj  and  was  theteby 

'  xnost  delicately  subdivided. 

It  is  obvious  from  this  action,  that  chromic  acid  may 
be  elated  under  one  and  the  same  category  with  nitric 
acid,  chloric  acid,  manganic  aeid,  hyperoxide  of  man- 
ganeise,  hyperoxide  of  lead  and  chlorine  (and  ibe  finely 
divided  platinum);  it  possesses  in  a  high  degree  the 
property  of  ibrclng  other  bodies  into  a  combination  with 
oxygen. 

AU  Wt.  «=  16IS.  —  Sp*  Gr.  e=  (JJ. 

402,  Anlmony  has  a  lamellar  crystalline  texture^  ttnA 
a  white  metalMc  lustre,  like  bismuth,  but  wl'"  ^n 
red  tint  of  the  latter ;  it  far  eKceeda  it  in  britii  ,  ^it 
it  may  be  easily  rubbed  to  powder  in  a  mortar.  The  foi- 
ble preparation^i  of  antLmony  are  undipgniaed  cnemir-» 

anitnal  life,  and  eonsteiiut'ntly  the  stomctcli  t*.tert»  it^ 

ficlf  to  remove  from  the  body  all  such  compoundj  intxo- 

jdueed  into  it,     This*  is  effiTted   by  v&fr  '   ' >T 

the  very  reaaon  of  ita  cmeUc  proper* II*'*.  « 

oecome  a  very  importunt  medicJBc. 

403.  Oxide  of  Antimony  (SbO,), —  LjjfcrmciU. — 
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Antimony  does  not  alter  in  the  air,  but  if  a  piece  of  it 
h  heutcJ  on  charcoal   before  the   bbw-pipci  it  soon 
melta,  and  burns  with  a  white  flamcj  forming  an  oxuk^ 
which  partly  escapes  as  a  white  vapory  and  is  partly 
^deposited  as  a  coating  on  the  charcoal     If  you  let  the 
melted  fnetalilc  globule   slowly   cool,  the   oxide  con- 
denses into  crystals,  which  form  around  the  metal  an 
t€spali€r  of  white  points.     When  tlirown  into  a  paper 
'  capsule,  the  white  glowing  globule   will  burst  into  a 
multitude  of  small  spheroids,  which  skip  about  for  some 
time,  leaving  in  their  trail  a  pulverulent  OJtide.     Anti- 
mony gcneraUy  contains  traces  of  arsenic;  hence  the 
smell,  like  that  of  garlic,  which  almost  always  accom- 
panies its  fusion. 

404*  Anlimonic  Ai*id  (Bb  O*)- —  If  antimony  is  treat- 
ed wiUi  nitric  acid,  it  takes  up  two  more  atoms  of  oxy- 
gen, and  becomes  auHmanic  acid^  a  yellowish  powder, 
insoluble  in  water  and  acids-  At  a  glowing  heat  one 
atom  of  oxygen  is  expelled  from  thiSi  and  a  com- 
{X)und  of  arttimonic  acid  with  oxide  of  antimony  re- 
.mains  behind,  which  may  be  regarded  as  antimonious 
y^cid  (Sb  O^)-  It  is  not  volatile  at  a  glowng  heat,  and 
the  property  of  imparting  to  glass  and  porcelain  a 
low  and  omnge  color. 
Experiment.  —  If  some  powdered  antimony  be  heated 
with  nitric  add^  the  same  thing  occurs  as  with  tin; 
jiamolyi  tho  metal  is  converted  into  a  white  powder, 
yhleh  consists  of  a  mixture  of  both  degrees  of  oxida* 
tion,  autimonic  acid  and  oxide  of  antimony.  A  similar 
process  takes  place  by  mixing  powdered  antimony  with 
uitrcj  and  throwijig  the  mixture  hito  a  glowing  hot 
crucible  J  in  this  case  only  antimoaic  acid  is  formed, 
which  remains  behind  combined  with  the  potassa. 
[The  antimofda&e  ofpotussa  may  be  dissolved  by  boiling 
35' 
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in  water,  and  is  then  used  as  a  teat  for  the  Baits  of  soda, 
the  aatiraonic  acid  forming  with  the  soda  a  very  spar* 
ingly  soluble  salt 

405*  Qthride  of  Afitinwny,  —  Aatimony  is  dissolved 
only  wiUi  great  dilliculty  by  miiriatie  acid;  a  solution 
ia  more  readily  obtained  by  employiijg  sidphnret  of  an- 
timony instead  of  metallie  antimony. 

Experimetd.  —  Put  half  an  ounce  of  eulplmret  of  an- 
timony into  a  capacious  flask ;  pour  o%^er  it  two  ounces 
and  a  half  of  muriatic  acid,  and  heat  it  in  a  aaad* 
bath,  at  first  moderately,  but  afterwards  to  boiling ;  the 
auiphuretted  hydrogen,  escaping  in  large  quantities,  ia 
conducted  either  into  water  or  into  milk  of  Ume^  by 
which  it  is  completely  ab.norbed*  The  sulphnret  of  an* 
timouy  and  the  muriatic  acid  are  converted  into  gul* 
phurettcd  hydrogen  and  chloride  of  anii'mony  (muriate 
of  oxide  of  antimony).  After  several  days^  repose,  de- 
cant the  clear  liquid ;  it  contains  chloride  of  antimony 
in  solution,  and  wai  formerly  called  buUer  of  antintany. 
By  continuously  rubbirjg  some  drops  of  it  upon  an 
iron  plate,  a  very  strongly  adhering  coating  of  oxide 
of  iron  is  produced,  which  imparts  ttj  the  iron  a  brown 
appearance,  and  renders  it  less  liable  to  tuat  In  this 
way  the  well-known  color  (browning)  ia  given  to  gun- 
^barrels, 

Tl^e  liquid  obtained  as  a  secondary  product,  filteped 
from  the  milk  of  lime,  is  to  be  regarded  a«  hydmtod 
wufphuret  of  calcium;  it  has  tJ)e  property  of  r  '  i* 
bair  so  loose  in  the  skin,  that  it  may  eaa«ily  '■•  1 

out,  as  will  ap]iear  if  a  piece  of  calf-slmi  is  soitened 
in  ii  '  iK^-  time. 

/.\  ,7.  —  By  pouring  one  duugc  of  the  liquid 

muriate  of  antimony  into  leit  outices  of  liot  waUsr^  a 
decomposition  and  iorbidnisss  are  produced,  as  in  tbe 
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of  the  solution  of  bismuth ;  the  precipitate  is  ox* 
ide  of  antimony  combined  with  a  little  muriatic  add. 
Wash  it  several  times  witli  water,  by  settliog  and  de- 
canting the  liquid,  and  then  digest  it  fo?  an  hour  %vith 
a  solutioii  of  a  quarter  of  an  ounce  of  carbonate  of  soda 
ta  two  ounces  of  hot  water,  whereby  the  muriatic  acid 
h  completely  remoTcd,  The  precipitate,  being  again 
waahed,  yields,  when  dry,  a  white  powder  of  oxide  of 
antimony.  The  same  preparation  is  thus  obtained  in 
a  moldt  way,  as  by  igniting  the  metallic  antimony 

406.  Tariar  Emeiia  ( K  O,  T  +  8b  O,  T  +  2  H  O),— 
Experiment  —  Boil  in  a  porcelain  dish  two  ounces  ol 
distiiltxl  water,  and  during  the  boiling  stixin  a  mixture 
of  one  dmni  of  oxide  of  antimony,  and  one  dram  of 
cream  of  tartar.  When  the  liquid  is  half  boiled  away, 
filter  it  xvliile  boiling,  and  pour  one  half  of  it  into  one 
ounce  of  gtrong  alcohol,  but  Bet  the  other  half  aside* 
In  both  crises  you  obtain  a  white  salt,  iariar  emHic;  m 
the  latter  case  in  the  form  of  crystals,  but  in  the  former 
as  a  fine  powder,  because  tartar  emetic  is  insoluble  in 
alcohol,  and  consequently  is  precipitated  by  it  "from  ita 
solutions.  Tlie  process  in  thb  case  is  a  very  simple 
one*  Cream  of  tartar  is  ati  acid  salt,  that  is,  a  combi* 
nation  of  iLu^trate  of  potassa  with  free  tartaric  acid;  this 
free  tartaric  acid  combines  with  the  oxide  of  antimony* 
Thus  we  obtain  tartrate  of  potassa  and  tartrate  of  ox* 
idc  of  antjmony,  which  unite  together,  forming  a  double 
salU  tartar  emetic.  The  name  indicates  the  medicinal 
application  of  this  double  malt ;  it  is  the  most  usual 
means  of  inducing  vomiting.  One  grain  of  it,  dissolved 
in  half  an  ounce  of  Tenerifle  or  Sherry  wine,  fornis  tho 
well-known  wbte  of  ajitimonp*  One  ounce  of  tartar 
emetic  requires  fifteen  ounocs  of  cold  w^tct  for  so* 
lution. 
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407.  Sitfpfmrei  of  jhitimany.  —  &perimenL — AdC 
pome  sulphuroited  hydrogcii  to  a  solution  of  tartmr 
emetic  in  water :  an  orang^e^colored  pteeipUale  of  suK 
pluiret  of  antimony  (Sb  S>)  h  obtained,  which  becomes 
darker  on  drying.  Thus  the  combination  of  anlitnofty 
may  be  very  well  recognized,  aa  no  other  metal  yields 
a  sulphuTCt  of  this  color. 

We  mo«t  frequently  find  antimony  in  natore  haring 
this  composition ;  but  the  native  snlphuret  of  antirooiiy» 
iias  quite  another  color,  namely,  siee!-graf/i  and  in  other 
respects  iikewise  a  very  ditterent  exterior  condjliont  M 
it  oaeufs  in  heavy  compact  masses,  which  on  the  frac- 
tured surface  appear  as  if  they  were  composed  of  small 
sMning  needles  of  points,  On  account  of  this  apj>ear- 
anccj  it  has  received  the  name  of  prisnmkndat  aniimo^^ 
fhrnce*  It  melts  even  in  tlic  flame  of  a  candle,  and 
benee  may  be  obtained  from  the  different  sorts  of  rock 
with  which  it  is  associated,  merely  by  liquation.  When 
pulverized,  it  forms  a  black  gray  shining  powder,  which 
ifl  employed  by  the  fcirmer  as  a  familiar  remedy  in  tha 

senses  of  domestie  animals.  It  is  commonly,  but  cr- 
ffoneouslyi  called  animuntf^  by  which  term  mljAuret  of 
.  mUimoni/  is  implied. 

E3rperm€nL  —  Boil  a  small  quantity  of  jmlveriKed 

iy  sulphnret  of  antimony  with  a  solution  of  potanjia, 
et  it  settlcj  and  add  an  acid  to  the  decanted  liquid  :  a 

dwnish^red  precipitate  is  produced,  likewise  itulphnret 
of  antimony,  which  was  dis^oh^ed  by  the  potaasa.  This 
sdphuret  of  antimony  (contjuning  an  oxide),  whi^  in 
the  apothecary's  shop  h  called  Kermrs  mimrah  i«  iniirh 
more  finely  divided  (§  ItJ'  ^y 

p-acquircs  tbc  red  color;  i! ^.    ■    .    m 

lie  oraiige*colored  &ulphuret^  prepared  from  this  tiirtar 
emetic. 
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These  three  combinations^  the  orange,  tho  red,  and 
gray  stdphurets  of  antimony*  have  qnite  a  similar  com' 
position ;  they  are  one  and  the  same  body,  only  existing 
in  dilTereat  itomeric  states. 

A  still  higher  sulphurct  of  antimony  (Sb  Sa)  occtirs  in 
the  pharmacjopa^ias,  under  the  name  of  llie  golden  mh 
pkurct^  as  an  iniponaiit  medicine ;  it  has  an  orange  color, 
and  corresponds  in  its  constitution  to  antimonic  acid^ 

^  the  gray  or  red  sniphuret  corresponds  to  the  oxide  ot 

Eitimony* 

For  AnlimoniurcUed  Hydro^cn^  see  \  418, 

408.  Prfparalum  of  Antimony, — ^In  order  to  sepa- 
rate metallic  antimony  from  the  eiilphnret^  it  is  only  ne- 
cessary to  fuse  it  with  iron,  wliich  has  a  greater  afRnity 
for  the  sulphur,  and  nniteji  with  it^  forming  sulpliuret  of 
iron*  On  cooling,  the  heavy  metallic  antimony  settles 
at  the  very  bottom* 

409.  Alloys  of  AnHnmnff. —  Of  the  alloys  which  anti- 
mony forma  with  other  metab,  that  with  lend,  from 
wliich  types  are  caat^  deserves  especial  notice*  Lead 
alone  is  much  too  soft  to  l>c  employed  for  this  pnrpose, 
but  if  from  an  eighth  to  a  twelflh  part  of  antimony 
is  mixed  with  it,  it  acquires  such  a  degree  of  hard- 
ness, that  types  cast  from  it  may  be  nsed  for  printing 
many  thousand  times  without  losing  their  distinctnesa. 


ARSENIC,  AESENICOM  (Aa)- 
At  Wt  =  93T,  —  Sp.  Gr  =  5.T. 

10*  r  as  arsenic^  is  almost  a  proTcrbial  ex- 

prcsj^ion,  ;.,...  ..  .hows,  in  xhm  respect^  at  leasts  that  nf^e- 

nic  is  wefl  known,  and  \n  sufliciently  bad  repnte.  In  fact, 
it  iji  placed  amon^thf  mvlaUic  pmsmiSy  and  a  very  small 
qnmjitity  of  it  produces  a  fatal  efltctj  milcss  auttdotes 
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are  quiclcly  atlministered.  Happily,  in  recent  timcf  a 
^  means  has  been  discovered^  in  the  htjdrated  sesqtiioxuk 
of  iron  {iron'rml)y  by  wliieh  most  of  the  combinations 
of  arseiiic  may  be  reiitlered^  even  in  the  stomaeh,  in»Dl* 
ublej  and  thereby  harmless.  Before  this  remedy  and 
the  aid  of  the  physician  can  be  ]>rocuTed,  it  is  well  in 
case3  of  poi«Kming  by  aTscnic,  as  in  ca^^es  of  poison 
gcaerallyj  to  adnmiister  milk,  wiiite  of  eggs,  soap  syd«, 
or  sugar.  On  account  of  the  dangerous  effects  of  nrs^ 
nie^  the  grealesi  care  must  be  takenj  in  exp'  '  ^  ing 
with  it,  not  to  inlialc  its  dust  or  %^apor;  tlie  v  it 

contain  it  must  also  be  most  carefully  washed,  and  the 
water  used  for  this  purpose  should  be  emptied  into  some 
place  not  accessible  to  domestic  animaln- 

411 .  Meiallk  Arsenic.  —  MetaUie  arsenic  ib  not  unfre- 
quently  found  in  the  earth,  as  a  lead-gray  ore,  of  strong 
metallic  lustre.  The  artiticially  prepared  metallic  arse- 
nic, which  soon  tarnishes  and  assumes  motley  colors  in 
the  air,  and  fmatly  falb  into  a  coarse  r  '      is 

kept  on  hand  in  the  apothccariea'  ehojis,  1%  uie 

of  fly-poison-  If  boiled  with  wate?!  the  film  of  oxtdiseed 
arsenic  dissolves,  and  a  very  poisonous  liquid  is  ol>» 
tained  (tly-poison).  A  fresli  fdm  of  oxide  is  prodoced 
upon  the  metal  which  rcmaim^j  and  thus  is  very  eaeilj 
ex  plain  ed  w  1 1  y ,  a  f  tc  t  all  m  e,  a  n  e  w  p  o  is  o  n «  m  1  "  '  t  ^n 
can  again  be   preparud  from  it,  without  any  *Ie 

decrease  of  the  original  powder. 


r  i'fL- — Put    a   picpo 

of  :i:  i  l!je  mzc  of  a  rail- 

lel'^eed  into  m  gbuu»  tnbet  bold 
thrl  *     ^it 

it;  at 

laO'  a»  and  depo^iU  itnelf  on 
the  upper  portion  af  ttie  tobo 
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as  a  brilliant  black  mirror;  the  smelt  of  garlic^  peculiar 
to  tlie  fumes  of  arsenic,  being  at  the  same  time  given 
off.  Tbese  two  tests  arc  employed  as  very  aectirate 
for  detecting  the  presence  of  arsenic  in  other  bodies, 
PhosphoruSj  ^heii  exposed  to  the  air,  emits,  likewise^ 
the  odor  of  garlic.  If  this  indicates  a  similarity  jji 
these  two  bodies^  the  resemblance  is  rendered  still 
more  striking,  since  arsenic  behaves  very  much  like 
phospliorus  in  its  combinations  with  other  substances. 

412,  While  Arsenic^  or  Arsenwus  Acid  (As  Oj), 

Mxperimcnt,  —  Let  the  arsenical  mirror  obtained  in 
the  above  experiment  be  heated  once  more,  but  in  an 
open  tube ;  it  is  converted  into  a  vapor,  which  condenses 
on  the  colder  parts  of  the  tube,  partly  in  small  white 
crystals^  partly  as  powder.  Before  the  magnifying-glass 
these  crystals  appear  as  four-sided  double  pyramids 
(octahedrons) ;  their  constituent  parts  are  arsenic  and 
oxygen,  and  they  are  called  arscnious  aeiflj  while  itr- 
$eniCf  or  ratsbane.  When  arsenic  is  spoken  of  in  a 
popular  sense,  the  wlute  arsenic  is  always  implied.  It 
is  obtained  on  a  large  scale,  —  ih)  as  a  secondary  prod- 
uct in  the  roasting  of  tiflj  silver,  and  cobalt  ores;  ^.J 
as  a  principal  product,  by  heating  arsenical  ores  with 
access  of  air  (in  the  arsenicul  furnaces  in  Saxony  and 
Silesia),  In  both  cases  the  arscnious  acid  passes  off 
as  vapor,  with  the  smoke,  which  must  therefore  be 
eonduclcd  through  long,  horizontal  chimneys,  till  it 
cools,  and  the  arsenions  acid  condenses  as  a  powder 
(ij^Ai^e  oTsmic).  Wiiite  arsenic  is  often  re-subUmed  in 
some  appropriate  apparatus,  and  is  then  obtained 
afmorphaus  aTseuioua  acidj  in  solid  transparent  pieces*" 
These  aft4!T  a  time  become  opaque  and  milk-ichilc^  like 
por€elaiji»  without  changing  their  constitution ;  another 
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exaHiple  that,  even  in  solid  bodiei^  atoms  can  altef  ibdr 
relative  situations  (^  280)* 

j\rst;nioiis  aeid  i&i  especially  di^tinguiahed  from  the 
other  metaUie  oxides  by  its  solubility  in  water,  which, 
indeed,  ia  not  very  great^  since  one  gmin  of  it  n^qnirca 
fifty  grains  of  cold  water,  or  from  ten  to  twelve  gminsof 
boiling  wateFj  for  solution ;  but  it  is  sufficiently  soluble 
to  render  these  solutions  exceedingly  dangerous  poisonj*. 
White  arsenic  is  generally  employed  for  killing  lat^, 
moles,  and  other  troublesome  house  or  field  enimaU ; 
for  this  purpose  colored  arsenic  only  Bhould  be  pur- 
chased, as  the  white  arsenic  looks  very  much  like  sugar 
or  flour,  and  might  easily  be  mistaken  for  it  In  order 
to  prevent  its  being  carried  off,  it  is  best  to  strew  pow- 
dered arsenic  over  broiled  rinds  of  jiork,  or  broiled  fijsbi 
nailed  upon  boards.  If  the  poison  is  put  in  stabkfi, 
the  fodder-troughs  should  be  carefully  covered  over,  that 
the  poisoned  mts  may  not  vomit  ilie  poison  into  thi^rn. 

Arsenious  aeid,  like  chloride  of  racreury,  prevents 
the  decay  of  organic  substnneea;  therefore  the  skius  of 
animals  intended  for  shipping  arc  rubbed  with  arsenic 
upon  the  flesh  side. 

Arsenious  acid  readily  gives  up  ita  oxygen  in  tlie 
heat  to  other  bodies;  for  this  reason  it  ia  added  by 
glass-makers  to  melted  glass,  to  convert  ita  black  or 
green  eotor  into  yellow.  It  acts  like  black  oxide  uf 
manganese  (§  297) ;  namely,  it  oxidisces  Uie  protoxide 
into  sesquioxide  of  iron,  A  solution  of  white  arsenic 
and  mcmury  in  nilrie  acid  is  used  by  hat*niakcni  lo 
f«movc  the  sbining  smooth  coating  from  the  ftir 
haretfL 


413.  Reduttwn  of  Wnic  Arsenic. 
Experiment*  <—  Biaw  out  a  glass  tube  into  ti  poiJili 
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introduces  into  it  a  very  litUe  arseniotis  acid,  and 
put  npon  it  a  splinter  of  charcoal;  then  heat  the 
tube  to  redness  in  the  flame  of  a  spirit-lamp^ 
first  at  the  place  where  the  cotd  lies,  and  after- 
wards at  the  pointed  extremity  of  the  tube ;  the 
gUiBS  bcconn?3  coated  on  the  inside  above  the 
eoal  with  a  black  metailic  mirror,  because  the 
oxygen  is  wthdrawn  from  the  vapors  of  the 
arsenious  acid  while  they  pas3  over  the  glow* 
ing  coal.  This  is  one  of  the  surest  methods  of 
detecting  small  quantities  of  arsenic 


414  (hmbimUiam  of  WliUe  Arsenic  wUh  Bases. 

JEi7>mmc«t  —  If  ten  grains  of  argenious  acid  and 
twenty  grains  of  carbonate  of  potassa  are  heated  with 
half  ao  ounce  of  water,  the  arsenic  very  readily  dis* 
solves,  and  a  gelation  of  arscnile  of  potassa  is  obtained. 

a.)  Add  gradually  to  one  linlf  of  this  liquid  a  sulntion 
of  fifteen  graini  of  blop  vitriol  in  half  an  ounce  of  hot 
water;  a  ycliowl^h-green  precipitate  soon  siib^idcSj 
which,  on  drying,  passes  over  into  a  dark-green*  This 
arsenUe  of  oxide  of  capper  occtxib  in  commerce  under 
the  name  of  Scheek'^s  green. 

L)  The  other  hnlf  of  the  solution  is  Likwiae  mixed  in 
a  flask  with  a  solution  of  fifteen  grains  of  blue  vitriol  in 
half  an  ounce  of  water,  and  then  acetic  acid  (concen- 
tratexl  vinegar)  is  added  as  long  as  cilervescencc  cod- 
tinneg;  the  whole  is  then  boiled  for  five  minutes,  after 
which  the  flask  is  put  in  a  basin  of  Iiot  water,  that  the 
cooling  may  take  place  it n/  ^^owiy.  We  obtain  in  this 
way,  after  twenty*four  hours'  repose,  a  double  com' 
pound  of  VLX\^    '  I  acetate  of  copper,  which,  on  ac* 

count  of  its  >.  !  green  color,  is  extensively  uecd  as 

a  pignieut    Of  its  oumeroas  names,  those  most  kno^n 

m 
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are  Sckweinfurih  greeny  vert  <fc  mitk^  nnd  Ft^ftiva  greM. 
I%if  cofor  M  ai  poisonous  as  u?hU€  arsemc;  hence  ex- 
treme caution  in  the  use  of  it  cannot  be  too  streaii- 
ously  urged ;  it  may  even  prove  dangerous  as  a  green 
paiat  for  rooms,  since,  under  some  circumstances,  toIo^ 
tile  combinations  of  afsenio  are  formed  from  it^  and 
unite  with  the  air. 

415.  Arsenic  Add  (As  O,).  —  If  arsenioiis  add  it 
boiled  with  nitric  acid^  it  takes  liom  the  latter 
two  additional  atoms  of  oxygen,  and  becom<3 
arsenic  acid.  The  same  acid  is  obtained^  com- 
bined vnth  potassa,  bj  fusing  together  arscni* 
ous  acid  and  nitre.  The  biarseniaie  of  poiasm 
thus  produced,  which  cryst^illizes  in  beautiful 
four-sided  prisms^  has  liitherto  been  consumed 
in  immense  quantitiea  in  calico-priuting>  not  so 

much  to  produce  colors  as  to  prevent  their  formation 
on  certain  points  of  the  texture. 

416,  Suiphnret  of  Arsenic. — ^xjferimenL'^-- Dissolve 
#ome  grains  of  arsenious  add  in  boiling  water,  and  add 
to  the  solution  sulphujt^tted  hydrogen;  a  precipitate  of 
t/elhw  sulphur et  of  arsenic  (AaS^)  is  formed,  three  at- 
oms of  gulphnr  replacing  three  atoms  of  oxygen-  In 
tills  way  arsenic  may  easily  be  detected  in  liqnidH,  and 
separated  from  them ;  the  salts  of  cadmium  and  oxide  of 
tin  tire  the  only  ones,  except  arsenic,  whieh  give  a  yej- 
low  precipitate  with  sulphuretted  hydrogen.*  Sulphorct 
of  arsenic  is  redisi^oived  by  sulphuret  of  ammonium. 

SuJphuret    of  arsenic    nUo  occuis    native,  ajid   ia 

iratled  orjHmentt  or  king's    yellow,  and  was  formerly 

'tised  as  a  yellow  pigment,  but  it  is  eaniestly  advised 

never  to  employ  this  color  in  the  painting  of  roorm^^  aa 

*  Hie  ulu  of  fititimoov  mut  predptti^  of  wi  orAtigt>ydlDW  color  bf 
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evolves  upon  lime  walls  an  exceedingly  poisonous 
IS  (anfmuredt'd  h/tiwg-en}^     A  sort  of  yellow  arsenic, 
'having  the  color  of  yt-Uow  wax  or  porcelain^  is  ajso  pre- 
pared in  arsenical  works  by  the  sublimation  of  white 
lire  with  aliMle  snlphur;  this  consists  principally  of 
ienious  acid,  and  contains  but  a  amall  quantity  of 
Bulphiiret  of  arsenic. 

A  combination  of  arsenic  with  one  atom  Ic^3  of  sul- 
phur (As  Si),  which  19  sometimes  transparent  like  rnby- 
red  colored  glass,  and  sometimes  opaqac  like  brownish- 
t*d  porcelain,  has  received  the  name  Rtatgar^  or  red  sul- 
phurel  of  arsenic* 

Preparation  of  Arsenic.*-^  kxmnm  is  most  frequently 

•found  combined  with  sulphur  and  imn,  as  arsenical pfj- 

ritei*     Most  of  the  white  arsenic  is  prepored  from  this 

ore  by  roasting  it  in  a  reverberatory  furnace,  and,  as 

already  mcntjonedt  condenalng  in  poison  towers  the 

fumes  containing  ar^enions  acitK    The  iron  and  sulphur 

are  oxidized  at  the  same  time  with  the  arsenic;  but  the 

jtjxidized  iron  remains  behind,  and  the  oxidii^ed  sulphur 

(S  OJ  escapes  with  tlie  smoke  into  the  air, 

417.  Arsemnrcited  Hydrogen  Gas  (As  Hi).  —  Expcr* 

imenL —  Introduce  into  a  small 

flask  diluted  sulphuric  acid  and 

some   pieces   of   ziue^  and   let 

the  hydrogen  which  is  evolved 

escape  through   a  tube  drawn 

out  to  a  point,  and  ajlter  aome 

lime  ignite  it  (§85);    you  ob* 

tjiin  in  this  manner  a  hydrogen* 

lamp.     If  you-  hold  a  gla;sed 

porcelain  capsule  for  some  miB* 

tttes  in  the  llainci  you  will  per- 

ocive  tjpoa  it  only  a  cltcb  ol 
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email  drops  of  water^  whicK  form  during  the  combtistion 
of  the  hydrogen,  and  condense  on  tljc  culd  portion*  If 
you  now  dip  a  piece  of  wood  into  Schwcinfurth  green, 
BO  that  only  a  little  of  it  shall  remain  adhering  to  the 
wood,  and  introduce  it  into  the  flaak^  the  flarae,  after 
the  gas  has  been  rekindled,  will  present  a  blulsh-whitc 
appearance)  and  will  deposit  on  the  porcelain  held  in  U 
a  biack  or  brown  smooth  sjmi  (rairror) ;  this  mirroir  is 
metallic  arsenic-  Like  salplmr  and  phosphoruSf  arse- 
nic also  will  combine  with  hydrogen,  forinitig  a  kind 
of  gas,  which,  in  company  with  the  free  bydrogeoi  es- 
capes and  burns.  The  flame  is  cooled  by  a  cold  bo<ly 
below  the  temperature  wliich  aj^eiiic  requlrea  for  burn- 
iiig;  hence  the  latter  condenses  on  the  porcelain,  ju»t 
in  the  same  way  as  carbon  or  soot  h  deposited  on  it 
when  held  in  the  flame  of  a  candle.  The  carbon  septi* 
rates  as  a  light,  pnlvertilent  body,  arsenic  as  a  coherent 
mirror.     Thin  ineredl'  '  -itive  test  is  called,  after  its 

inventor,  Manik*s  v>-  le$L     It  follows  from  the 

previous  remark*,  tJiat  care  sliould  be  taken  not  to  in- 
hale the  escaping  f(as,  particularly  th^  '  *  i.<;biit 
here  more  than  ordinary  caution  is  n*  _        trseni- 

nrctted  hydrogen  is  a  fnosi  poisonous  gns^  and  ooe  to 
which  Si  ■       '       '  \      '.   "  "  'fjt^e* 

418,  ^  ^  — B©* 

peat  the  aame  experiment,  substituting  tartar  cmetJc  for 
Schweinfurth  gn^en;  black  gpots  are  in  this  case  also 
d«^positcd  on  the  porcelain,  but  they  are  darker,  and 
often  Imvc  a  sooty  appeariinoe;  they  consist  of  mrUiUie 
fh     To  di^if  ngn i  '  o f  n  n  t i nu*  1 1  y        '      ^  r- 

1        ^     rom  fpotfi  of  arse  I     ^       ^i  upon  t hern  ^n 

of  chloride  of  lime;  the  itpoy  of  antimony  remain  nn* 
<  I  while  Uie  aiBenlcal  minroiB  diiHsolvc  immodi- 
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Antmem^  and  arsenic  are  the  only  metals  which 
combme  with  hydrogen ;  they  comport  themselvea  in 
thin  respect  like  the  metaUoids ;  they  may  be  regarded 
I  the  link,  the  bridge,  which  joins  the  territory  of  the 
non-nietallic  bodies  or  metalloida  with  the  metals, 

KETROSPECT  OF  THE  TimiD  GROUP   0¥   TEE    IfEAYT 
METALS. 

I.  The  metali   chromium,   antimony,  and   arsenic, 
together  with  the  prevjoiiafy-meiitioiied  rarer  metab, 
cannot  decompose  water;  therefore  concentrated  adds 
"must  be  employed  Tor  thdr  solution, 

2*  Their  lower  degrees  of  oxidation  comport  them 
strives  sometimes  like  bases,  and  sometimea  like  ac]dd| 
but  Hie  higher  only  as  CLcids. 

3*  These  metals  occur  most  frequently  in  nature 
combined  with  sulphnn 

4.  Antimony  and  arsenic  are  precipitated  from  their 
solutions  as  snlphurets  by  Bnlphurcttcd  hydrogen,  but 
are  redissolved  by  i^nlphnret  of  ammoninm.  Chromic 
um  ie  not  converted  into  a  sulphuret  by  sulphuretted 

-hydrogen. 

5,  Antimony  and  arsenic  can,  like  the  metalloids, 
unite  with  hydrogen,  forming  gaseous  compounds. 


EETROSFECT    OF    ALL    THE    METALS. 

Metals. 

L  All  metals  have  a  pccnliLtr  htslre^  are  opaque^  and 
'  the  best  conductors  of  heat  and  electricity, 

2,  Most  of  the  metals  will  cri/slaUize  on  cooling 
,  riowly  (most  commonly  in  cubes). 

3*  All  the  me  tab  art*  fusible^  but  at  very  different  de* 
grces  of  heat;  many  of  therai  also,  may  be  vobiiiliztd^ 

3a* 
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4.  All  metals  can  combine  with  oxjfgeHf  tu^pkm^  and 
chlorine. 

5.  They  likewise  combine  with  eadi  other  when 
they  are  fused  together  (alloys). 

MetdOic  Oxides. 

6.  Most  of  the  metals  form  basic  oxides  with  oxy« 
gen.  Almost  all  the  metallic  oxides  are  insoluble  in 
water. 

7.  Many  metals  possess  one  known  degree  only  of 
oxidatioTij  but  most  of  them  have  two,  some,  indeed, 
three,  four,  and  even  five  degrees  of  oxidation.  The 
highest  comport  themselves  as  adds. 

8.  Metallic  oxides  may  be  prepared  from  the  metals : — 
a.)  By  exposure  to  the  moist  air. 

b.)  By  heating  with  access  of  air. 

c.)  By  decomposition  of  water  at  the  ordinary 
temperature. 

d.)  By  decomposition  of  water  at  a  red  heat 

e.)  By  decomposition  of  water  with  the  aid  of  an 
acid,  and  precipitation  by  a  strong  base. 

/.)  By  treating  with  concentrated  acids,  and  pre- 
cipitation by  a  strong  base. 

ff.)  By  heating  with  nitre  or  chlorate  of  potassa. 

9.  The  metallic  oxides  may  be  deoxidized  or  re- 
duced to  metals:  — 

a.)  By  mere  heating  (noble  metals). 

b,)  By  heating  with  charcoal 

c.)  By  heating  in  hydrogen  gas. 

d.)  By  a  more  electro-positive  metal  (having  a 

greater  aflSnity  for  oxygen). 
e.)  By  the  galvanic  current 
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Metallw    Sulphurels. 

10,  The  siilphurcts  of  the  liglit  metals  are  solable  in 
watiT,  those  of  the  heavy  metals  arej  on  the  contraiyj 
insoluble. 

11,  A  metal  has  commonly  as  many  degrees  of  sul- 
plmnitiori  ns  of  oxidation* 

12,  The  metallic  gnlphtxrets  may  be  itreparedf  — 

a,)  Directly  by  rubbing  or  melHiig  together  siil* 
phur  and  a  metalj  or  by  heating  the  metal  in  the 
fumes  of  solphur. 

i,)  By  adding  sulphuretted  hydrogen  or  sulphurct 
of  ammonium  to  a  metallic  oxide  or  salt 

c*)  By  heat i fig  metullic  sulphates  with  charcoal. 

13,  Sulphur  may  be  expelled  from  the  metallic  iul- 
phurets,  — 

a,)  By  hcatiug  them  with  access  of  air  (roastixig), 

b.)  By  a  more  electro-positl^^e  metal. 

€.)  By  heating  in  st^am. 

rf,)  By  heating  with  stjong  acids. 

Metallic  Chlorides. 

14-  Most  of  the  metallic  chlorides  may  be  crystal- 
lixed,  and  are  soluble  in  water. 

15,  As  a  general  rule,  a  metal  combines  in  as  many 
proportiond  with  chlorine  as  it  has  degrees  of  oxida- 
tion. 

16.  Metallic  chlorides  are  prepared^  — 
€l)  By  bringing  the  metals  or  metallic  oiidei  into 

contact  with  chlorine. 
b*)  By  dissohiug  metals  in  muriatic  acid, 
r.)  By  dissolving  ractals  in  aqua-regia, 
ifc)  By  double  elective  affinity,  on  mixing  metallic 

clilorides  with  oxygen  salts* 
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17*  Chlorine  may  be  separaied  from  the  metals,  — 
a.)  By  mere  heating  (the  noble  metals  only)* 
fc)  By  healing  in  hydrogen  gas. 
c.)  By  a  more  electro-positive  raetaL 
iL)  By  a  stronger  acid|  for  instance,  enlphurle  add. 

TJie  Oz^gcn  Sails. 

18,  Every  acid  usually  forms  a  salt  with  ewry  me* 
talljc  base ;  hence^  there  is  an  infinite  number  of  salts* 
19*  Suboxides  must  receive  oxygen  and  hyperoxide* 
part  with  it  befurc  they  can  combine  with  acldai- 

20*  Most  of  the  salts  may  be  crystallized,  sometimes 
with  and  sometimes  without  water  of  ery stall ization. 

2L  The  salts  behave  very  diflerently  towards  water ; 
some  dissolve  in  it  very  easily,  others  with  difficulty, 
and  others  not  at  alL 

22»  Salts  may  be  prqmred,  — 

a.)  By  exposing  metals  to  the  air, 

b.)  By  dissolving  tlvem  or  their  oxides  in  acids. 

c,}  By  decomposition    of  the  metallic  eulphurets 

with  acids ;  also  by  a  spontaneous  weathering 

of  the  metallic  sulphurets. 

d)  By  mutual  decomposition  by  means  of 

posing  simple  or  double  elective  affinity* 

23,  Many  of  the  salts^  by  mere  heating,  lose  their 
acids,  which  either  escape  (carbonic  acid),  or  bum  tip 
(organic  acids), 

24,  The  salt^jlike  the  oxides,  may  be  reduoed  to  met- 
als. If  this  19  effected  by  ignition  with  chaiiDod^  it  ii 
necessary  to  >  !  I  a  stion  mite  of  i 
lime),  which                the  acid  U 

Occurrence  nf  Metals  in  Naiure* 

25,  The  mcCalj  principaUy  occur  native  in  Qvc  fo 
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viz.: — ^It  uncombined,  or  massive ;  2.  combined  with 
]ilphur^  as  pyrites,  glance^  and  blende;  3-  with  arsenic^ 
IS  araei  ileal  metab;  4.  with  oxt/gcn^  as  oxides ;  5,  \vith 
^cxtfgen  united  with  acith^  as  salts* 

Of  the  best  known  metab,  the  followitig  occur  the 
most  frequently;  — 


4 
I 


1*  Pum.      2* 

As  Sulphureis, 

3.  As  Arsenical  Metals* 

Gold, 

Ijead, 

Cobalt, 

Plfitintim, 

Antimony, 

Nickel, 

Silver, 

Copper, 

Silver, 

Bi^rauthi 

Silver, 

Iron. 

Menniry, 

Mercury, 

Arsenic 

1 

Arsenic^ 

Iron, 

Zinc, 

4*  As  Oxides. 

5.  As  Salts. 

MangEoese, 

i 

Potassium  and  Sodiuni,    ■ 

Tin, 

Barium  and  Strontium,     ' 

Iron, 

Calcium  and  Magnesiura, 

Chromiunii 

Aluraininm,                       J 

Zinc, 

Zinc  and  Iron,                   S 

Uranium, 

Lead  and  Copper.            | 

Copper. 

1 

Ckssificaiian  of  the  more  common  Chemical  EkmcfUs. 

It  IB  very  difficult  so  to  classify  the  chemical  ele- 
ments^—  so  to  bring  them,  as  it  were,  into  rank  and 
file,  —  as  to  present  at  the  same  time  a  correct  idea  of 
their  external  and  internal  properties,  and  of  their  ailin* 
itits  for  each  otlier.  In  the  following  scheraCj  the  twa 
elements  which  are  the  most  dissimilar,  the  most  op 
posed,  —  namely,  the  most  electro-negative  (most  acid) 
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oxffffeity  and  the  most  electro-positive  (most  basic),  paUu* 
siuMj  —  form  the  two  final  members  of  the  series ;  then 
the  former  is  succeeded  by  those  bodies  which  comport 
themselves  like  oxygen  in  their  properties  and  combina- 
tions, while  potassimn  is  followed  by  those  similar  to 
itself.  At  the  junction  of  the  two  series,  the  undecided 
elements  are  found,  —  those  comporting  themselves 
sometimes  negatively  and  sometimes  positively.  If 
it  is  a  law  in  chemistry,  that  bodies  combine  together  so 
much  the  more  eagerly  the  more  dissimilar  they  are  to 
each  otherj  while  bodies  similar  in  their  properties  show 
at  most  only  a  very  slight  inclination  to  combine,  then 
this  scheme  may  present  to  us  at  the  same  time  a  prob- 
able idea  of  the  affinities  of  the  elements  for  each  other. 
TTiose  bodies  most  remote  from  each  other  in  the  series 
liave  a  great  desire  to  combine^  while  those  Vie  nearest  to 
each  other  have  but  little  or  no  desire  to  unite.  Thus, 
oxygen  most  readily  desires  to  unite  with  the  potas- 
sium, next  with  the  sodium,  next  with  the  calcium, 
barium,  and  so  on ;  it  comports  itself  most  indifferently 
towards  fluorine.  Potassium,  on  the  other  hand,  shows 
the  greatest  affinity  for  oxygen,  then  for  the  salt-form- 
ers, sulphur,  &C.;  but  the  least  affinity  for  its  neigh- 
bours and  kindred,  sodium,  barium,  &c.  Let  it  be  dis- 
tinctly understood,  however,  thai  this  scale  of  affinity  is 
a  very  fluctuating  onCj  and  is  subject  in  many  cases  to 
essential  modifications. 
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Oxygca 
Fluorine 
Cyarme 
BrommQ 
lodiuo 
Sulphur 
Sclemuin 


I 


Carbon 

Boron 

Silicon 

Ajfsonie 


i 


I 


I 


Ajittinouy     1 
Tin 


+ 

r 

c.  Sodium 

I*  Barium  and  Slronliiun 

/^ 

-^  Calcium  and  Mtignosiuni 

g  Aluminium 

g  Chromtum 
•g  Manganese 
i~  Tron 

^   Nickel  and  Cobalt 

5   Lead  and  Bismuifj 
I   Copper 
5    Mereuiy 


Stiver 


^^ 


oia^" 


Platinum  and  Gold 


HydrogDjL 


PART    SECOND. 


ORGANIC  CHEMISTRY. 


(vegetable  and  animal  cremisthy.) 
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VEGETABLE    MATTEH 


419,  An  inscrutable  wisdom  has  given  to  the  seed 

the    power  of  germinating   in  the  moist  aif,  and   of 

growing  up  into  a  plants  which  puts  forth  leaves,  flow- 

L  era,  and  fruit,  and  then  perishes  and  disappears*     Ger- 

iminatioUj  growth^  flowering,  seed-bearing,  and  decay 

fare  the  principal  stages  of  existence  through  which  the 

plants  have  to  pass.     When  they  have  produced  seeds, 

that  is,  new  bodies  capable  of  life^  they  have  fulfilled 

[:&elr  destinyj  and  their  course  then  tends  downwards 

decay »     Whether  they  live  only  one  short  ium* 

|.|ner,  or  sorvive  hundreds  of  yearsj  the  general  principle 

m mains  essentially  llic  same. 

The  Divine  agency  wbich  cffectii  ilmm  changes,  and 

^caJls  forth  the  phenomena  of  life  in  the  vegetable* M^orkl, 

is,  in  its  essence,  wholly  unknuwn  fo  us,     A  particular 

name,  vital  power^  has  indeed  been  given  to  it,  but  from 

^this  we  derive  no  clearer  conception  or  understanding  of 

Itg  operations  arc  eondutilid  in  such  a  mysterious 

I  manner,  that  it  is  nut  j^niliabtn  that  the  v^*"^"  noccula- 
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tions  of  the  inquiring  mind  on  this  point  will  ever  lead  to 
bright  or  clear  ideas  here  below.  We  feel,  iudeed^  the 
rushing  of  the  vital  current  in  the  joy  whicli  penetrates 
UB  when  in  the  spring  this  foree  eauses  the  bud^  to  ex- 
pand, and  covers  the  earth  with  showers  of  blossomsi  im 
weU  as  in  the  melancholy  which  seizes  upon  us  when 
in  the  autumn  the  withering  of  the  leaves  announoe-s  to 
ns  its  departure;  but  whence  this  force  comes,  and 
whither  it  goes,  and  how  it  calls  forth,  as  it  were  by 
magie,  the  wonders  of  the  vegetable  world,  we  are  in- 
deed absolutely  ignorant  That  only  which  it  prodncesj 
and  from  which  it  was  produced,  are  eomprehcnsible  to 
our  senses. 

420,  There  are  two  ways  open  to  the  inquhrer,  by 
which  he  may  gain  a  partial  insight  into  the  mysteriooH 
workshop  of  vegetable  life:  —  Iwt,  that  of  obsenmlioHj 
which  J  by  the  aid  of  the  microscope  especially,  hn»  led 
to  a  very  accurate  knowledge  of  the  structure  of  plant?, 
and  of  the  chan^^es  wbiclv their  sepamte  pnrta  (organs) 
undergo  during  their  growl fi ;  2dj  that  of  chemical  €j> 
perimcni^  by  which  tlie  constituents  of  pluntj?,  Uieir  food, 
and  some  of  the  iram/ojuiatiom  of  matter  occurring 
during  the  growth  of  the  vegetables,  have  been  discov* 
eredi  The  knowledge  acquired  in  these  two  ways  ot 
the  inward  and  outward  changes  whreh  pbnis  undergo 
daring  their  exiEjtcnce>  is  called  veffciable  pht/sioiogj* 

421  •  There  are  generated  in  plants  during  their 
growth  many  substances  having  a  perfect  indr  ^''  -li^y 
of  their  own,  wliicli  in  many  cuies  we  r4in  di  ^ 

from  each  other  by  their  ta^tc.  Grap<??,  carrutB,  ai;d 
many  other  fruits  and  roots^  have  a  eweet  tante ;  f '■•ry 
contain  mgar.  The  bmnchea  and  lea\*i»  of  the  g*ftpe- 
vine  have  a  sour  tawtc;  ih  '\    Those 

of  tlie  wormwood  have  a  bi.  l^.  ..^...  ,  .;,,  ,  ^.w.itaiit  a  jMi- 
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coIitiT  bUter  principle.  The  latter  emit  also  a  strong  odor; 
which  p.  '    from  a  volaiile  otL     Iii  the  sceda  of  the 

diiR'mit    ^  ui"  graiiij  and  in  the  tubers  of  the  potato, 

we  £nd  a  mealy  substancei  Btn/teh ;  in  the  aeeds  of  the 
mpr  arirl  of  thn  ilax-plarit  a  viscous  jaice,/ai  oil  From 
the  ciierry  and  plum  trees  eludes  a  mucilagiaous  sub- 
stance, which  b  solablo  in  water;  from  the  firs  and 
pines  a  BimiUr  subatance,  but  which  ib  insoluble  in 
water;  tlie  former  we  call  gum^  the  latter  pitch.  The 
magnificent  eolors  of  flowera  proceed  from  a  cohring^ 
matter;  the  noxious  effects  of  poisonous  plants  from 
veg'ckii/k  bases^  &e.  These  iubatanecs  arc  called  by  the 
general  name  ofproxirimte  constituents  of  planis.  Many 
of  tbcm  arc  to  be  found  in  almost  evcr^  plantj  while 
others  oecnr  only  in  particular  species  of  plants. 

We  cannot  imUate  by  art  the  workings  of  nattire  in 
livlii  '  i^^jaswe  were  able  to  do  most  perfectly  in 
iuoi  Jit-miatry*     The  chemist,  by  chemical  anal- 

ysis, has,  indeed,  determined  with  the  utmost  accu- 
racy of  what  elements  the  proximate  constituents  of 
plants  are  eonj posed,  aud  hi  what  proportions  by 
weight  i  but  he  has  never  yet  succeeded  in  reconstmct- 
ing  these  constituents  from  their  elements, 

422.  Unripe  grapes  taste  sour,  ripe  ones  dweet; 
therefor©  we  conclude  that  during  the  ripemng  tlie  acid 
of  the  grapes  hris  been  converted  in*^  sugar.  Common 
barley  tastes  mealy ;  if  suUered  to  germinate  it  ac- 
quires a  sweet  taste,  because  during  germination  a  por* 
tion  of  its  starch  is  C4>nvertpd  into  sugar.  Similar - 
changes  occur  in  every  living  jiiant;  indeed,  they  fre* 
quently  take  place  when  the  vital  power  has  become 
extinct  in  tlje  plant  PotatocSj  for  instance,  become 
sweet  by  alhm  ing  tliem  to  freeze  ;  all  the  starch  of  tba 
Igermiiiatcd  barley  is  converted  into  sugar  by  adding 
37' 
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water  to  it^  and  letting  it  remain  for  some  boms  in  a 
warm  place.  TLat  which  is  thus  produced  by  the  %7tal 
activity  of  the  plantsj  or  by  cold  or  heat,  namely,  the 
iramformaiion  of  one  vegelabU  substance  into  nmther^ 
we  are  also  able  to  effect  by  various  other  means.  Art 
in  this  respect  can  indeed  do  more  than  ijatnre,  since  it 
produces  combinations  —  for  iostancej  alcohol,  pyroUg- 
neous  acidj  and  many  other  compounds  —  wjuch  w« 
never  find  ready  made  in  the  living  plants,  Tiic  nxim* 
ber  of  these  combinations  may  b@  increased  almost  itw 
nmnerably  by  the  aid  of  inorganic  bodies,  sucti  as  strong 
acids  and  bases,  chlorine,  &c,;  —  letting  these  opernto 
upon  vegetable  gubstanees,  which  are  thereby  diangtd 
in  an  infinitely  varied  manner,  and  transformed  into 
new  bodies-  Thousands  of  such  new  combinations 
have  been  discovered  within  the  last  twenty  yeari ;  our 
posterity  will  probably  count  them  by  millions- 

423,  if  yon  ask  what  are  the  elcraents  of  which  Uio 
proximate  constituents  of  plants  are  composedj  tlio 
answer  is,  the  loor  following  arc  the  prioeJpal  ones,  -^ 
carbon^  hydrogen^  ox^^^cn^  and  nilrog^n^  —  which  ate 
therefore  caUed  orgmmgem.  Many  of  the  vegetable 
tissues  contain  all  the  four  elenienU  (CHO  N),  and  are 

iled  azoiizcd  compounds;  but  others^  and  by  far  ih^ 
largest  proportion,  contain  only  Uie  fu*st  tlirco  de* 
ments  ( C  It  O) ,  and  are  cal  [cd  n&}^az(^  ^  ■  '  >  i  ipiiunds. 
From  these  few  elements,  witli  the  u  m  of  emaU 

quantities  of  sulphur,  phosphorus,  and  some  inorganic 
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mti»^  presnme  that  this  variety  is  owing  to  the  different 
wap  in  which  theae  four  elements  are  joined  together 
and  combined  with  each  othen  And  such  is  indeed 
the  fact  It  has  already  been  mentioned  (§  274),  that  in 
the  isameric  compounds,  that  is,  in  such  as  possess  the 
same  composition,  but  not  the  same  propertieg,  a  differ- 
ent armngcment  of  the  atoms  is  to  be  supposed;  in 
the  same  manner  as  in  a  chess-boaid,  where  tiie  white 

s  s  m  s 

and  black  squaiea  may  be  grouped  togetheT>  either  2 
and  2,  or  3  and  3,  or  4  and  4,  &c.  This  variety  in 
the  grouping  of  the  atomSj  which  happens  only  as  an 
exception  among  inorganic  siibstances,  occurs  as  a  gen- 
oral  rule  among  organic  compounds;  and  it  has  here  so 
much  the  largest  scope,  becaui?e  always  three  or  foiir, 
and  sometimes  even  more  elements,  arc  preacnt,  w*hich 
enter  into  combination  with  each  other,  while,  in  the 
department  of  inorganic  chemistry,  commonly  orily 
two  elements  unit«  with  each  other;  and  likewise  bc- 
eaude  it  is  a  law  in  organic  chemistry,  tJmt  the  atoms  of 
the  ekmtnis  do  nid  anite  *i«^/^,  ojr  wiih  minerah^  bul 
cUwa^s  in  groups ;  mimeltf^  2,  3,  4,  6,  8,  10,  or  mme  atoms 

one  elements  wUk  any  finmbrr  of  atoms  of  the  other 

tmcnis. 

Organic  sabstances  have,  therefore,  an  incomparably 
mote  compHcntal  conslUution  than  the  inorganic  com 
pounds,  as  the  following  examples  show* 


From  the  well-kno\vn  amber,  a  pecu- 
liar acid,  succink  acid,  is  obtained,  wdnch 
consists  of  four  atoms  of  carbon,  two 
atoms  of  hydfogen*  and  three  atoms  of 
ojtygen,  and  has  accordingly  the  formula 
C,  H,  O,  {see  Fig,  Wi\. 
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Fir.  166.  If  one  atom  of  oxygen  is  added  to 

this,  we  have  the  constitotion  of  nuUie 
acid=  C4  H,0|  (see  Fig  166). 

If  one  more  atom  of  oxygen  is 
added,  that  of  tartaric  acid=s  CtHg 
Ofi  (see  Fig.  167). 

And  by  adding  yet  another  atom 
of  oxygen,  that  of  farmie  acid=t 
C4  H,  O,  (see  Fig.  168). 


0000 


Fig.  169. 


But,  on  the  other  hand,  if  one  atom 
of  hydrogen  is  added  to  the  succinic  acid, 
which  was  the  starting-point,  the  consti- 
tution of  acetic  acid  is  obtained  =s  C«  H« 
(y,  &c.  (see  Fig.  169). 
H  we  are  not  yet  able  to  produce  all  the  transforma- 
tions as  they  are  here  given,  yet  the  possibility  of  suc- 
ceeding at  some  future  time  cannot  be  doubted. 

Sugar,  starch,  and  wood  have  precisely  the  same 
constitution,  namely,  Ce  Hs  Os ;  they  are  isomeric.  If 
we  imagine  these  three  elements  grouped  together  in 
different  ways,  as,  for  instance, 

in  starch:  in  wood: 


m  sugar: 

Fi«.  170. 


Fig.  171. 


Fig.  172. 
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then  we  can  form  an  idea  how  one  and  the  iame  quan- 
tity or  the  fiame  elements  may  combine,  forming  such 
very  different  bodies;  and  it  would  not  now  excite  any 
great  astonishment,  if,  on  farther  investigation,  hun- 
dreds of  different  subBtances  of  the  same  constitution 
flhould  be  discovered^  siuee,  by  mere  transposition  of 
the  above  sixteen  atoms,  more  than  a  hundred  different 
arrangements  or  groupings  may  be  prodaced, 

425,  The  ithHabitii^  of  organized  substances,  which 
has  aiready  been  referred  to,  la  now  simply  explained 
by  these  complex  proportions  of  the  atoms.     They  arc 
like  com  plica  ted  machinery.     In  the  spinuing- wheel  we 
have  one  wheels  one  spmdle,  and  one  band;  but  in  a 
spinning-machine,  hundreda   of  wheels,   spindles,  and 
bitndB,  all  connected  together  into  one  wholcp    Now,  as 
in  complicated  machinery  a  wheel  is  more  likely  to 
aiKimeoff,  a  spindle  to  bend,  a  wire  to  break j  thereby 
'causing  a  greater  disturbance  throughout  the  whole  of 
the  madiine  than  can  possibly  Imppen  JJi  Um  simple 
spinning-wheel,   so   also  complex    organic   bodies   arc 
much  more  liable  to  disorganizations  and  changes  than 
the  more  simple  inorganic  bodies.    For  if  in  the  former 
_;©n1y  one  of  tlie  many  atoms  leaves,  or  even  changes,  ita 
■■place,  or  if  another  atom,  whether  of  the  same  or  of  a 
different  element,  is  added  to  it,  the  body  at  oncse  ceases 
to  be  that  which  it  was,  and  becomes  a  new  pecaliar 
compound.     The  familiar  terms  combustion,  ignition, 
singeing,  charring,  rotting,  decaying,  fermenting,  curd- 
ling, growing  mnsity  and  sour,  bleaching,  fading,  &€;, 
^re  all  chemical  m^tunwrphoses  of  the  kind  referred  to, 
and  it  Es  well  known  that  these  metamorphoses  ar© 
jliar  to  animal  and  vegetable  §ubstancefl. 
The  sources  from  which  the  vegetable  world  derive* 
its  four  fnndamental   substances   (carbotti  hydrogen, 
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oxygen,  and  nitrogen),  and  the  form  in  which  it  re- 
ceives them,  will  be  treated  of  more  fully  at  the  doaii 
of  this  part 


L  VEGETABLE   TISSUE. 

426.  Germination  of  the  Seeds,  —  The  vital  force 
slumbers  in  the  seed ;  it  is  called  into  activity  by  moist- 
ure and  heat. 

Experiment.  —  Pour  water  over  some  beans,  and  let 
_  them    remain    in  a   moderately 

warm  place,  tiU  the  embryci 
burst  forth,  and  the  swollen  seeds 
divide  into  two  parts.  If  we 
now  examine  them  closely,  we 
shall  perceive  at  the  extremity  of 
each  seed,  where  the  germ  appears,  two  delicate  white 
leaflets ;  from  these,  as  the  plant  continues  to  grow, 
the  stem  and  leaves  are  developed,  while  the  other  ex- 
tremity of  the  germ  forms  into  a  root.  The  solid  mass 
of  which  these  young  organs  consist  is  called  vegetable 
tissue;  it  consists  of  variously-formed  cavities,  which 
are  filled  with  a  colorless  liquid,  the  sap.  If  the  bean- 
plant  is  exposed  to  the  action  of  light,  a  green  coloring 
matter  (chlorophyll)  is  produced  in  the  sap;  but  this 
substance  is  not  formed  in  the  roots,  since  they  are 
screened  from  the  light  by  the  surface  of  the  earth. 
The  two  lobes  of  the  bean  (cotyledons)  gradually  dis- 
appear as  the  development  of  the  plant  advances; 
they  serve  as  its  first  nourishment  The  embryo  of 
most  plants  is  furnished  with  a  pair  of  cotyledons  (rfi- 
cotyledonous). 
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^:perimmt  ^^^BuTley^  when  caused  to  germinate  in 

■  the  same  maoiicr,  puts  fortli  only  a   sini^lc  embryo^ 

■  Fij,  174,  from  whicli  lirsf:  tlio  leaves  und  then  the 
I  I  etalk  arc  developed.  All  our  grasses 
^^^^^  ri  and  bulbons  plutits  gtirmhiate  hi  tU^ts 
^^^^^^  ^Jjf  manner  (mcmGcott/kdonous)*  If  you 
^  j^^  poiir  off  the  water  from  the  bailoy  when 
^^*     /^/Pl  ^^^  seeds  arc  swelled   and  thoroughly 

■  fit  8t4?epedt  and  then  put  it  in  a  cool  placej 

■  piled  up  in  heaps,  you  can,  by  occasion* 
V  ally  turning  iU  so  retard  and  regulate  tlie  growtli 
I  that  the  radiclea  only  will  Bproat  forth.  If  you  now 
I  arrest  further  vegetation  by  *iuiekly  drying  the  grain  in 
"  a  warm  oven,  tho  brewers'  malt  is  obtained*  The  root- 
lets may  be  easily  rubbed  olF  uftiT  drying;  they  yield 
an  excellent  manure,  and  consist  principally  of  vege- 
table tissue  rich  in  poUig^i  and  other  salts,  wliieh  salts, 
doring  the  proeesi*  of  germination,  have  passed  from 
the  grain  into  the  mdicie, 

427*  Vegetable  Tii^sue.  —  All  the  cells  and  vesseb  of 
planta  are  composed  of  vegetable  tissue,  Thia  sub* 
Btance  is  to  plants  what  bonesi  fleshy  and  skin  arc  to 

■  the  animal  body;  it  forma  the  solid  mass  of  all  vcge* 
I  table  organ?!,  and  cunm*quent]y  imparts  to  plants  their 
I  shape  and  firmness;  it  forius  the  ducts  or  veins  of  the 
I  planta,  through  which  the  sap  circulates.  We  find  it 
I       very  fu)  rty  riumificd,  tender,  so  It,  and  easily  digestible 

■  in  the  young  leaves,  flowers,  and  stems,  and  in  the  so- 
I  called  pulp  of  fruit  and  roots,  as  apples,  pktms,  canots, 
I  &c. ;  hard  and  indigestible  in  straw,  wood  [woody 
I  tis^ttte),  and  in  the  husks  of  grain  (bran);  hardened  like 
I  stone  in  the  stones  of  plumbj?,  cherries,  mid  peaches, 
I  and  in  the  »helU  of  nuts;  light,  porous,  and  elaatic  ill 
I  tlic  pith  of  the  cldcr^  and  in  cork ;  lengthened  and  pliant 
I        in  hemp,  flax,  and  cotton. 
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428.  The  transverse  section  of  the  stem  of  a  1m 
Pig  175.  illustrates  the  mQnence  vhkh 

age  exerts  upan  the  vc^Cablo 
tissue,  and  how  this  tissue  fu- 
ries in  one  and  the  &aiue  tree^ 
Inside  the  bark  {a)  lies  the 
iumr  fibrous  bark  (fr),  which 
consists  of  lengthened  lubed^ 
and  is  peculiarly  adapted  to 
supply  the  place  of  veins  in 
the  tree.  Here  the  sap  principaliy  circulates,  and 
therefore  a  tree  will  die  when  the  inner  bark  is  gir 
whilst  (as  seen  in  many  hollow  trees)  the  tree  will 
on  if  only  the  inner  and  outer  bark  remain,  thoixgh 
wood  itself  is  entirely  rotten  and  gone,  Froni 
inner  bark  towards  the  exterior  is  deposited  efmf 
year  a  new  layer  of  bark,  and  towards  the  eentie  s 
new  layer  of  wood  (annual  circles)*  The  light  and 
whiter  wood,  lying  next  the  inner  bark,  is  called  the 
sap-wood  (c) ;  but  this,  by  the  annually  iacreaalAg 
CMjmpressurej  bceomes  denser  and  more  solid^  and  then 
it  is  called  heart-wood  (d)*  The  latter  is  usually 
darke?!  and  is  frequently  impregnated  witl^  coloring 
matter  (red -wood).  The  an- 
nexed figure  will  give  an  Idea  of 
the  artistical  internal  stnurtiiff, 
which  is  manifest  even  in  appur* 
entJy  simple  dense  woodf  as 
view^ed  under  a  strong  magni- 
fying- glass.  It  re  presents  tbe 
transverse  sectjon  of  a  pioiB 
bought  the  portion  marked  a  lep* 
resenting  young  ligneous  eelis) 
those  marked  b  the  mattured 
cells. 
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Most  plants  contain  in  ihc  inner  and  outer  bark  a 
[ityptlc-taBtifig  substance^  soluble  in  water,  and  wtikh 
■is  known  by  the  name  of  iamiini  or  iomm  acid. 

429-  IMen  is  the  inner  bark  of  the  flajt-plant,  Dur- 
1  ing  the  process  of  retlitt^^  the  outer  bark,  by  the  long- 
3ntiiiued  influence  of  moisture  and  air,  passes  over 
into  decay,  and  then,  after  rapid  drying,  may  be  rubbed 
off  by  bending  it  backwards  and  forwards  (br€aking)\ 
but  the  filanienta  of  the  inner  bark,  which  do  not  ao 
n?tidily  decay,  remain  behind,  and  alter  being  parted 
into  their  finest  tibriU,  and  arranged  paralkl  by  the  so- 
P'Callcd  heckling^  form  the  well-known  Jlax.  The  tow, 
which  faHs  off  during  this  process,  consista  of  tangled 
fibres  of  the  inner  bark. 

Fiiix  haa  a  gray  color,  because  it  contain9  a  pay 
coloring  matter,  which  ia  not  soluble  in  water  and  lye, 
though  it  becomes  soluble  in  lye  by  exposing  the  flax, 
the  tbrettd  spun,  or  the  linen  \voven  from  it^  during  a 
long  time,  to  the  action  of  light,  water^  and  air.  This  is 
done  in  the  bleachijig*yard  by  spreading  it  on  the  grass 
{grms  bkachhig).  The  coloring  matter,  hereby  altered 
and  rendered  soluble,  is  removed  from  time  to  time  by 
boiling  with  lye.  Bleaching  may  be  aeconiplished 
more  rapidly  by  the  application  of  chlorine,  which,  on 
account  of  its  very  Btrong  airmity  for  hydrogen,  attracts 
iiydrogen  from  all  organic  substances,  whereby  they  be- 
!ie  colorless  and  soluble  {ehhrine  bix^aching^).  The 
question  here  oocurs,  Why  is  it  that  in  these  two  bleach* 
^ing  processes  the  colaring  matter  alone,  and  not  the 
regetable  tissue  at  th©  same  time,  is  decomposed  ? 
The  reason  ia,  because  the  coloring  matter  consists  of 
four  elements  (CHON),  bat  the  vegetable  tissue  of 
Jiily  three  elements  (CHO);  according  to  ^425,  th© 
more  complicated  substanoey  consisting  of  four  ela- 
3S 
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mentsy  is  more  readily  and  rapidly  decomposed  than 
the  less  complicated  substance,  consisting  of  three  el- 
ements. K,  when  the  linen  has  become  white,  the 
bleaching  were  still  continued  by  either  of  these  meth* 
ods,  the  vegetable  tissue  would  then  be  decomposed 
and  become  rotten ;  a  case  which  often  occurs  when 
linen,  cotton,  or  paper  is  treated  too  long,  or  with  too 
strong  a  solution  of  chlorine. 

430.  BasL — Soak  the  bark  of  the  linden-tree  in 
water  till  the  outer  bark  is  decomposed,  and  has  be- 
come brittle ;  when  it  is  dry  the  inner  fibrous  part  of 
the  bark  can  be  peeled  from  it,  and  it  then  forms  the 
linden  bast,  used  for  tying  up  plants.  The  outer  cover- 
ing of  the  trees,  which  is  commonly,  but  erroneouslyi 
called  bark,  consists  by  no  means  of  the  proper  bark 
alone,  but  of  two  essentially  different  parts,  which  have 
grown  very  closely  together ;  the  external  layer  is  the 
proper  bark  {epidermis)^  the  inner  is  the  bast  (liber). 

431.  Cotton  consists  of  delicate  hollow  hairs,  which 
form  in  the  cotton-plant  in  considerable  quantities 
around  the  seeds.  As  it  exists  in  nature  it  is  beauti- 
fully white  (except  the  Nankin  cotton,  which  is  yel- 
low), and  consequently  requires  no  bleaching.  When, 
however,  cotton  thread  or  cotton  fabrics  are  bleached, 
it  is  merely  in  order  to  remove  the  oily,  sweaty,  and 
mealy  substances  {weavei^s  gluey  &c.)  which  have  be- 
come attached  to  them  during  spinning  and  weaving. 
This  is  now  usually  effected  by  boiling  with  soda-lye 
or  milk  of  lime,  or  immersing  them  in  a  weak  solution' 
of  chloride  of  lime.  The  lime  which  remains  adhering 
is  then  removed  by  exceedingly  diluted  acids  (acid 
bath),  and  the  add,  in  its  turn,  by  rinsing  in  water. 

It  is  well  known  how  important  the  above-mentioned 
oorts  of  pliant  vegetable  tissue  are,  on  account  of  their 
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papplication  (at  making  tJiread,  twlnej  and  fabrics  of 
^  every  variety;  we  clotlie  ourselves  in  woody  fibre,  we 
^  write  antl  print  upon  itj  we  build  our  bouses  of  it,  &c 

432,   Vegetable  Tissue  and   Waten — ExperimeiU. — 
Vom  eonie  lukewann  wat^r  over  sawdust,  arid  let  it 
^itiind  for  a  dny  ;  then  squee2:e  out  the  liquid  through  a 
doth  and  boil  it ;  a  slight  turbidnesa  will  appear,  and 
^on  longer  standing  a  loose  sediment  will  be  deposited. 
J'ater  does  not  dissolve  the  woody  fibre,  thongh  it  does 
the  sap  contained  in  it;  in  tliis  sap^  as  in  that  of  all 
other  plant*^,  there  is  always  found  a  substance  in  solu- 
tion, which  is  very  analogous  to  the  white  of  eggs,  and 
whieh,  like  itj  coagulates  in  boiling ;  it  is  called  vege* 
'tuMe  atbumen,     Thcire  are  also  contained  in  the  liquid^ 
Beparated  from  the  albumen,  various  other  substanees 
in  solution  (mncuB,  gum,  tannin,  &e.},  which  are  not 
precipitatrd  by  boiling*     If  the  sawdust,  after  it  has 
[been  dried,  Is  treated  with  alcohol,  this  will  also  dis* 
[Bolve  Bomo  substances  (pitch,  &c,);  and  so  also  will 
[ether,  lye,  ond  otht-r  liquids.     Therefore,  in  the  prepa* 
ration  of  perfectJy  pure  woody  tissue,  it  must  be  treated 
with  various  solvents  in  order  to  remove  all  the  oonstlt* 
ncnU  of  the  sap. 


CHAKGES  OP  VEGETABLE  TISSUE, 

a.)  Qionges  of  Vegelabk  Tissue  %  Adds* 

463.  Wood,  when  dipped  in  sufphurxc  acid^  is  charred  | 
when  in  nitric  acid,  it  is  dyed  yellow,  and  by  longer  im* 
mersion  it  is  entirely  decomposed,  as  has  already  been 
ob««erved  (J^  160,  173).  Bulphnrie  acid  attracts  from 
ithc  woody  ribre  I'  a  and  oxygen*  which  combine 
I  form  water,  a i  unita  with  the  sulphuric  acid; 

nitrb  add  yields  oxygen  to  it,  and  consequently  oxidb^e^ 
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By  very  long  continued  treatment,  all  tbe  carboti  ol 
be  wood  may  finally  be  oxidized  mto  carbonic  add^ 
'  and  all  tlie  hydrogen  into  waten  Chlorine  deeomposei 
the  vegetable  tissue  by  abstracting  bydrogeii  (^429). 
Dilated  sulphuric  acid  opemtea  very  differently  from 
the  concentrated  acid;  if  paper,  linen,  fcc,  are  boiled 
for  several  hours  with  the  former,  the  vegetable  tissue  b 
converted,  first  into  gum,  and  finally  into  sugar. 

Explosive  Vegetable  Tissue ^  or  Gun-Coiion  (Ppro 
Un). — By  exposing  vegetable  tissue  (cotton^  lie 
linen,  iawdust,  &c.)  for  a  short  time  to  the  action  of 
highly  concentrated  nitric  acid,  it  acquires  the 
markable  property,  like  that  of  gunpowder,  of  igiiit 
and  exploding  with  great  violence  when  touched  by  a 
lighted  match. 

ExperimenL — Mbt  half  an  ounce  of  the  strongest 
idtrie  add  (sp,  gr.==1.5)  with  one  ounce  of  strong 
sulphuric  acid  j  pour  the  mixture  into  a  porcelain  mor- 
tar, or  a  cupj  and  press  into  it^vith  the  pestle  as  much 
cotton  (wick-yarn,  cotton-cloth,  printing-paper,  &c)  as 
can  be  moistened  by  the  acid.  When  the  cotton  has 
soaked  for  five  miiiutes,  it  is  to  be  taken  out  with  a 
glass  rod,  put  into  a  vessel  containing  water^  and 
washed  repeatedly  with  fresh  quantities  of  water,  un* 
til  it  no  longer  reddens  blue  test-paper.  The  cotton 
is  then  squeezed  out  with  the  hand,  spread  upon  a 
sheet  of  paper,  and  dried  in  an  airy  place.  It  is  dan- 
gerous to  dry  it  upon  a  stove,  as  it  easily  takes  fir^ 

If  the  g-un-coUon  thus  prepared  is  struck  smartly  with 
a  hammer  upon  an  iron  anvil,  it  detonates  violently ; 
when  touched  witfi  a  hot  wire  or  a  lighted  match,  it 
burns  instantaneously,  without  leaving  any  residue ; 
when  fire-arms  are  loaded  with  it,  it  acts  like  gun- 
powder, but  its  explosive  po%ver  is  four  or  live  times 
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greater  th^n  thnt  of  the  latter.  Ouji-eotton  being,  tliete- 
ton%  an  e?cc4^*ediiTgly  cJangeroua  Bubstanoe,  the  great' 
est  cmUmn  is  indispensable  in  coijtlucting  experinieiits 
with  it,  tind  only  very  smnll  qiinntitiesi  should  be  used 
at  once,  Guu-cotton  dissolvea  in  ether  into  a  siriipy 
li*juic!,  whieh  on  spontniieoua  evaporafion  leaves  the 
cotton  behind  in  the  form  of  a  transparent  film.  This 
solution  i^  called  colhdium.  It  is  ui*ed  instead  of  coort' 
plaftlcTi  and  for  making  small  air-balloons,  ficc. 

The  chemicaJ  changes  which  cotton  undergoes  by 
immersing  it  in  the  above  acid  mixture  consist  chiclly 
in  thii^i,  that  it  gives  up  a  portion  of  its  hydrogen  and 
oxygen  (as  water),  and  ree*nves  instead  nitfic  acid 
(co^Hequently,  nitrogen  with  much  oxygen).  Gun- 
cotton  contains,  thercfare,  much  more  oxygen  than  tho 
common  cotton,  and  likewise  nUrogen,  in  chemical 
combination  ;  the  former  causes  tlie  rapid  combustioOi 
while  the  latter,  together  with  the  gases  formed  by  the 
cotnbn&tion,  causes  the  rap'ul  explosion.  The  'ilphuric 
acid  coopDratcs  only  indirectly,  by  attmcting  and  retain- 
ing the  water  contained  in  the  liitric  acid,  and  that 
which  separates  from  tlie  cotton. 

k)   Changes  ofihe  Vegetable  Tissue  bt/  Alkalies. 

4'M.  The  effect  of  alkalies  on  vegetable  tissues  may 
readily  be  seen  by  wTappini^  a  piece  of  quicklime  in 
paper,  and  letting  it  remain  there  for  some  weeks,  when 
the  pa|>cf  will  become  quite  rotten,  Tl*he  farmer  and  the 
gardener,  lK*ing  well  acquainted  with  tliis  acUon,  arc  ac- 
customed to  mix  in  lin»c  or  ashes  witli  couch-grass  and 
ot,Vf  weeds,  to  accelcmte  the  rotting  and  decay. 

f*)   Changes  of  the  Vegetable  Ttsstte  %  Eeal^  wilh  free 
Aeeess  of  Air- 

435.  That  wood,  &c,  when  heated  with  acecst  o£ 
88* 
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aiJTi  is  oonsnmed^  tbat  is,  m  decomposed  into  carbon  and 
.water,  lias  already  bern  fully  tr*mtetl  nf  in  the  foriner 
part  of  thj3  work*  Ail  vegeiabh  substances  are  am- 
sumed  m  ihe  same  watf^  btf  nicam  of  ilte  oxygen  of  the 
air*  If  inorganic  substances  (salts  and  eartb^s)  am 
present,  they^  w\m  they  are  not  volatilcj  reniaiu  l>e* 
hind  as  ashes. 

Vegetable,  and  likewise  finiroal  substances,  can  be 
consomed,  not  only  by  the  oxygen  of  the  air,  bat  also 
by  tbe  oxygen  of  other  bodies ;  asi  for  example,  by  that 
of  oxide  of  copper,  of  chromate  and  chlorate  of  potassat 
or  directly  by  pure  oxygen  itself.  If  the  water  fonned 
during  tbe  combustion  is  absorbed  by  chloride  of  cal- 
cium, and  the  carbonic  acid  by  a  solution  of  pota»j*a, 
tlien,  by  the  increased  weight  of  the  chloride  of  eaiciura 
and  the  potassai  the  quantity  of  the  watOT  and  of  tlie 
carbonic  acid  may  be  a^eertainedj  and  from  these  the 
weight  of  the  hydrogen  and  carbon  which  the  con- 
sumed body  contained  may  be  calculated.  That  which 
is  wanting  in  the  weight  of  tbe  original  body  under 
examination  is  the  amount  of  oxygen  which  it  c^n* 
tained.  In  this  manner  the  three  elemeuta  comprised 
in  an  organic  body,  carbon,  hydrogen,  and  oxygen, 
may  be  very  accurately  dctennined ;  such  an  e^arni- 
nation  is  therefore  called  ao  ekmeniarp  umtysis.  l/»  in 
addition  to  the  three  above-named  elem»*nLs,  an  organ io 
body  contains  nitrogen  also,  it  escapes  imcombined 
during  the  combustion  in  the  form  of  gas,  and  can  be 
collected  and  estimiited  by  a  special  method  of  analyi!^is. 
But  on  heating  such  bodies  with  bases  having  a  Rtrong 
affinity  for  wnter^— *for  instance,  with  hydnitc  of  po* 
tassa  or  soda  and  hme,  —  then  [\rith  but  fe%v  cxcep* 
tions)  the  nitrogen  cum  tain  cd  in  them  escapes  in  com* 
biastioa  with  hydrogen,  as  ammonia,  from  which  tha 
contents  of  nitrogen  can  be  accurately  calculated. 
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^dl)  Oimges  o/tfie  Vegetable  Tissue  hij  Heaij  the  Access 
of  Air  being-  prevenicd. 
436*  Imperfect  ChmbvsUvn  of  Wood.  —  When  wood 
is  heated  with  insufficient  access  of  air,  as  is  the  case, 
for  instance,  in  most  of  our  i^toves,  a  pc^rtion  of  the  car- 
bon remains  onbnrDt,  and  is  deposited  as  sooi  from  the 
I  gases  which  form  the  flame.     Moreover,  during  the  pro* 
L^ess,  a  portion  of  the  burning  carbon   takes  up  only 
I  balf  as  much  oxygen  vm  when  there  is  an  abundant 
iupply  of  air,  and  there  ia  formedi  not  only  carbonic 
acid,  but  also  carbonic  oxide  gas  (fumes  of  charcoal), 
But,   bcmdes  these   compounds^    other   singular   sub' 
i.etances  are  formed,  as  is  indicated  by  the  peculiar  smell 
of  the  smoke,  and  by  the  lustrous  add  and  resinous 
soot  deposited   upon  the    lower   parts   of   chiraneys* 
The  products  of  the  decomposiiion  of  vegetable  tissue 
may  be  more  cicariy  recognized  if  you  heat  the  wood 
with  fntire  exclusion  of  air- 

E^perimenl,  —  Subject  wood,  as  was  described  in 

f  If.  117, 


\  119j  to  dry  distillation ;  you  obtain  a  great  variety  wJ 
producta  easily  to  be  diBtingtibh^d  by  chajacteristio 


ki 


VEGETABLE  MATTER* 


properties;  —  1,  charcoal^  whichj  since  it  is  not  Tolaiile, 
remains  behind;  2-  iUummaiing gas^  a  mixture  of  car- 
burelted  hydrogen,  carbonic  acid,  and  carbonic  oxide 
gases;  3.  ivood-vlnegar^  a  watery  acid  liquid;  4,  wood- 
tar^  a  thick,  brown,  resinoos  liqaid.  The  tm^'o  forraer 
substances  have  been  already  described^  so  that  only 
the  two  latter  remain  to  be  more  fully  considered, 
I  437.  Pt/rolig-neoHS  Actd^  or  Wood-Vimgar* — Oae 
pound  of  dry  beech- wood  yields  nearly  hiilf  a  poand  of 
pyroligneous  aeid*  In  its  crude  state  it  ha^  a  brownisli- 
black  colorj  owing  to  the  tar  wiiich  it  coataiaa  in  solu- 
tiotij  and  a  smoky  odor,  together  with  a  very  a^d,  dls- 
agreeablcj  smoky  11a von  On  aceount  of  its  oooiaioing 
acetic  acid,  and  its  cheapness,  it  is  now  much  used  in 
the  preparation  of  acetates,  particularly  such  as  are  em 
ployed  in  calico-printing  and  dyeing ;  for  in  stance, 
acetate  of  iron,  of  lead,  of  soda,  &c» 

Ej^trimcnt  —  Pour  some  wood-vinegar  upon  a  piece 
of  iean  meat,  and  let  it  soak  for  a  few  hours ;  it  can 
then  be  dried  and  packed  without  passing  into  putre- 
faction, as  in  a  few  hours  it  has  experienced  the  same 
change,  and  acquires  the  same  degree  of  Urmuess, 
usually  produced  by  being  suspended  for  months  iu  the 
smoke  {rapid  smokbig). 

438.  Wood-vinegar  owes  its  antbcptic  properties  to 
a  peculiar  Bubstanee,  which  has  received  the  name  of 
creosote  (flesh-preservative) ;  one  pound  of  pyroligneoui 
acid  contains  about  a  quarter  of  an  ounce  of  it  in  sole- 
on.  Pure  creosote  is  a  colorless  liquid,  gradually  be- 
coming brown  by  age,  and  of  an  oily  consistency  \  it 
has  a  strong  smell  of  smoke,  a  very  burning  taste,  and 
disorganizes  the  tender  skin  of  the  tongue  or  the  mouth, 
and,  taken  iniernally,  is  a  powerful  poison*  Creosote  is 
now  frequently  applied  as  a  remedy  fo^be 


it  m  usually  mixed  with  oil  of  doves ;  but  it  must 
^diluted  with  alcohol,  in  which  it  readily  dig- 
its action  would  otherwise  be  too  corrosive. 
One  dram  of  water  will  disM>Ive  one  drop  of  creosote ; 
this  solutlnii  {creosole'Wattr^  or  aqua  BimlH)^  which 
acts  upon  fleyh  in  the  eame  manner  as  the  pyrolignnous 
acid,  13  employed  as  a  sedative.  The  smoke  which  is 
formed  in  our  stoves  by  the  incomplete  combiislion  of 
wood,  or  of  pit-eoal,  always  contains  furacs  of  creosote, 
to  wliich  is  owing  it^  peculiar  smell,  and  its  property  of 
causing  lachrymationp  Every  thing  which  prcveiifj 
complete  combustion,  such  as  a  deficient  draught  of 
air,  or  moist  fuel,  must,  accordingly,  favor  the  forma- 
tion of  cxeosotei  «tid  r«*nder  the  smoke  more  irritating. 
Flesh  is  mo&t  ellectnally  cnred  by  tliis  smoke,  which  is 
expressly  generated  for  this  pnrijose  by  burning  green 
fagots,  or  obstructing  the  draught  of  air. 

439.  When  pyrol  igneous  acid  is*  very  slowly  distil  led  j 
a  iptritiious,  Tolatilo  liquid,  very  similar  to  brandy,  first 
passes  over,  which  is  called  crude  /  *'  spirit     The 

chief  component  of  this  fluid  h  a  m;e  which,  in 

its  properties  and  changes,  has  great  similarity  to  alco* 
hoi,  or  spirits  of  wine,  though  its  constitution  is  dUTer- 
ent.  On  account  of  this  similarity,  it  is  called  py- 
roxilic  tpirit  {htfdraUd  oxid€  ofmethyk)- 

440-  Wuod'tar  is  of  a  resinous  nature,  that  is,  in- 
soluble in  water^  though  soluble  in  alcohol ;  it  is  more- 
over very  rich  in  carbon,  as  is  in  some  degree  indicated 
by  its  black  color.  On  distillation,  it  separates  into  a 
volatile  oil  {oil  of  (ur)^  and  into  a  non- volatile  black 
pitch  (§576),  This  &epanitiou  takes  place,  also,  but 
more  slow*ly,  w*hen  Wood  is  smeared  with  tar;  the 
pitch,  hardening  in  the  pores  of  the  wood,  then  pre* 
ventd  the  penetration  of  the  water,  and  hereby,  as  by 


the  creosote  also  contained  in  the  tar,  the  decomf 
tion  of  the  wood  by  piitrefactioii  is  airested  (taitiitg 
and  calking  of  ships,  &c^)» 

The  dry  distillation  of  wood  shows  in  a  v^  strik- 
ing manner  with  what  extraordinary  readiness  or^nic 
substances  may  be  decomposed  and  transformed  iiit0 
%'ery  remarkable  new  bodies.  The  wood  ha^  only  to 
be  heated  in  order  to  be  resolved  into  an  acid  and  n 
spintuous  body,  —  into  oily  and  resin  on  s  substances, — 
into  illuminating  gas  and  carbon*  And  these  are  not 
all  the  products  of  the  decompoeition  of  wood*  Be- 
sides the  substances  here  mentioned^  a  dozen  othcfs*  at 
least,  have  been  dtsco%*ered,  which  are  gen  em  ted  simnl- 
taneonsly  with  them,  and  each  of  which  may  be  con* 
, verted  by  heatingi  by  treating  with  acid^,  ba^i??,  chlo- 
Tine,  &a,  into  numerous  other  bodies.  Here  a  giral 
field  opens  for  chemical  investigation,  a  field  %vhtch  has 
Indeed  no  bounds,  and  which  must  be  so  intieh  tbe 

ore  extendedj  since  all  ve^elabie  mutter,  heaUd  wHk 
ezciusioii  of  atr,  becomes  charred  and  decomposed  ittia 
^^odncts  of  combustion,  but  tthich  are  differeni  in  differeM 
bodies,  as  is  obvious  in  the  dry  distillation  of  tobaeeo 

tobacco-pipes,  of  pit-coal,  brown  coal,  &o. 

44 L  Imperfect  C4jmb7isihn  of  Fit-  CoaL —  Pit-coal  and 
brown  coal  are  formed  from  the  vegetables  of  a  for* 

er  era,  which  were  washed  together  ia  heaps  during 
some  rcvolntjon  of  the  earth,  and  deeply  buried  be- 
neath mud  and  soil  When  pit-coal  is  heated  with  ex* 
elusion  of  air,  we  obtain,  in  the  same  manner  as  from 
wood,  —  1,  carbon  (coke);  2.  a  combustible  gns  (illu- 
minating gas)  ;  3.  an  aqueous,  empyreumatic  liquid 
t tar-water) ;  and  4.  a  resinous,  black,  viscid  liquid  (pit* 
oal  tar). 
The  aqueous  empyrcumatic  liquid  obtained  from  pit- 
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coal  containa  only  a  trace  of  vinegar,  but  in  larger 
quantities  a  basic  body,  ammonia,  combined  with  car- 
'Bonic  acid;  it  may  therefore  be  employed  as  a  manure, 
or  Tor  the  preparation  of  sal  ammoniac, 

Tho  pU'Coai  lar^  which  is  now  very  generally  cm- 
ployed  for  smearing  over  wood,  iron,  and  the^  roofs  of 
buildings,  to  protect  them  from  moiature,  may  also, 
Llike  wood-tar,  be  separated  by  distiilation  into  a  vol* 
rtitile  substance  (oil  of  coal* tar),  and  into  a  pitch Jj  non- 
volatile substance  (adifidal  aiphalturo)  j  but  the  pc* 
culiaf  substances  (kyuriolei  p}Trol,  lt*ucol,  carbolic  arid, 
rosolic  acid^  brunolic  acid,  nap h tali ne,  icc^)  coiitained 
lin  the  latter  are  quite  diRerent  from  those  of  the  former. 
Of  these  sabstanc<;s,  miphiaUnt^  a  wbit-e,  camphor-Hkc 
bodyj  lias  been  examined  must  closely ;  but  the  names 
only  of  some  of  the  new  combmations  resulting  from 
theae  researches  will  here  be  mentioned,  to  show^  alas! 
with  what  a  flomi  of  new  and  strange  names  this  sin- 
gle subfitance  has  inundated  chemistry.  The  follow- 
ing compounds  arc  formed  by  the  action  of  nitric  acid 
npon  naphtjiliric:  nitronapht-alase,  -aleisCj  <ilist%  -ale, 
-eeic  acid,  Amc  acid,  pbtaiic  acid,  pbtalamidc,  &c, ;  by 
renting  with  chlorine  i  ehloronaplita-lasci  -lese,  -Use, 
lose,  &c. 

442-  A  decomposition  similar  to  that  which  pit-coal 
undergoes  dnring  dry  distillation  must  also  be  pro- 
duced, perhapSj  In  many  places  in  the  interior  of  the 
earthy  by  volcanic  bcat^  for  we  know  that  in  many 
cuuntrlci^  eubstunces  either  issue  from  the  earth,  or  are 
imbedded  in  it,  which  have  a  very  great  similariiy  to 
the  products  of  the  distillation  of  pit-coal,  as  is  shown 
in  the  following  arraugemeni 


prodaeed 
from  Fit-CooL 
%.)  lUttminatiftg  ffos* 


€ 


4.)  OiU/f^-tf^. 
Oil  of  &nd-iar. 


)  Arftfidtil  oBphcdtum 
(pitcli  of  pit-eortl)* 
«.)  AtfuZmiaaii  empyrai'- 
niatk  liquid. 
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Cbfar(q)* 


a.)  InJUimmMe  ffoasM  ($acted  fii«  of  the 

min^),  bsumg  here  »3ad  tbeie  from  Ai 

crericea  of  rocks^ 
L)  KrtphiJta^  oodug  oat  of  tlie  e«£^  ia  Tsm. 
c^)  Minerui  tat^  foiuid  ld  man/  pUces  lO  F«ott 

wwl  France, 
ef.)  A^JimzI  ospWfum  (pitch  of  Jtidea)i  i^imd 

in  the  Dead  Sea,  ^nd  other  Aiiiik  lai. 
e.)  jlmin<^i(ff,  ksiaio^  in  a  wateTT*  vftpoTi 

atcd  with  bomcic  £LciJ,  &t>m  the 

near  Tosemir* 
/.)  An£Aiii>riV«  (C),  Ulke  pit-eoal,  oc^mning  in 

immen^  beds  in  the  CAitb, 


fi.)   Chcmges  of  the  Vegetable  Tisstte  bi^  Air  and   Walei . 
{Deca^  and  Pulrefaclmn.) 

443#  Decay*  —  When  vegetable  tissae  —  for  instance^ 
wood,  leaves,  straw,  &c*  —  is  exposed  to  the  influence 

of  the  aiFj  it  irnbibes  moisture,  and  becomes  gradiiaUj 
brown  and  rotten ,  —  it  passes  into  decat/*      The  chem- 
ical process  which  thus  takes  place  verj  much  resem* 
bles  those  changes  which  wood  undergoes  in  combus- 
,  tioii,  except  that  it  takes  place  far  more  slowly ;  what  b 
BiTectcd  by  combustion  in  minutes  is  effected  by  decay 
'  ouly  in  the  course  of  years.     By  combustion,  the  cxjn* 
stituents  of  the  wood  and  the  oxygen  of  the  air  are 
converted  into  carbonic  acid  and  water ;  the  same  prod- 
^mcts  are  also  formed  on  the  decay  of  wood.     In  com- 
^fcustion,  the  hydrogen  is  oxidized  more  rapidly  than 
HOic  carbon ;  the  same  happens  also  in  decay.     This  ex- 
^^lains  why  wood,  on  eombustion,  as  well  as  on  dec^y, 
assumes  a  darker-— first  a  brown,  and  then  a  black  — 
color.      When   proportionably  more  hydrogen   passes 
off  than  carbon,  the  residue  must  necessarily,  as  the 
decompoaitiou  continually  progresses^  be  richer  in  eof* 
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,  Borij  and  conseqaently,  as  a  general  rule,  also  of  a  dark* 
[et  colon 

444.  Humus*'— The  brown  or  black  substance  into 

which  vegetable  matter  is  converted  by  decay  has  re* 

ceived  the  name  humus*  As  wood^  which  is  only  par- 
'^tiaUy  consumed,  can  be  consumed  still  further,  so  also 

humus  is  gradually  further  decomposed,  and  in  most 
teases,  after  complete  combastion  or  decay,  there  is  final- 
tly  left  only  a  smaU  quantity  of  non-volatile  salts  and 

€arlh% — the  ashes, —  which  the  wood  has  absorbed  from 
itiie  earth  dtuing  its  growth.  If  these  two  processca  of 
rdecay  are  supposed  to  be  going  on  in  two  distiiict  peri- 

ods,  then  there  are  formed,  — 


I 


,  -         .  . .    f  water  (much)i 

.     ^  ,   .     { cdfbonje  acid, 


fhjin    Um   half'  | 


water  (Ijtrlc), 
CArbonia  actd; 


from  the  hamiu  {  wAtor  (liltle), 
in  tUo  2d  period,  |  aLrbonie  ncidj 

there  rcmoiiii         hIim. 


Humus  is  idetiiical  with  dccm/inff  Organic  Matter. — 
III  this  acceptation  it  has  for  many  years  been  known 
and  valued  in  agriculture.  Vegetable  mould  (humus) 
is  the  term  applied  to  the  upper  black  or  brown  layer  of 
earth,  which  has  been  formed  in  forests  by  the  decay  of 
tlie  leaves  which  fall  otf;  the  deLtk,  fat^  arable  soil,  con- 
taining much  partiiilly  decomposed  organic  maiter,  h 
laid  to  be  rich  in  humus,  while  the  dry,  light  soil,  in 
'Vhich  it  is  wanting,  is  said  to  be  poor  in  hnrnus.  The 
farmer  knows  that^  contrary  to  what  happens  in  his 
woodlands,  the  hnnins  diminishes  in  his  fields,  and  so 
much  the  more  rapidly  as  the  crops  are  more  abundant; 
he  knows  that  fields  rich  Ib  humus  are,  aa  &  f^tk^x^ 
39 
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e,  more  fertile  than  those  which  are  poor  ia  btimi^ 
Therefore  he  seeks  to  restore  to   his  land  the  hutnus 

nsumed  in  vegetation  by  ploughing  in  straw  and 

imal  excrement 3  {manuring)^  or  fresh  plants  {green 
manuring-)^  or  by  the  alternation  of  plants  which  leave 
behind  many  roots  in  the  soil  {fallow  plants}  with 
gucli  as  are  only  feebly  rooted  {grain).  On  an  acre 
of  land  which  was  cultivated  with  eloveri  several  thou* 
sand  pounds  of  roots  remained  behind  in  the  soil; 
upon  one  cultivated  with  wheat  or  grainj  only  from 
one  fifth  to  one  sixth  as  much;  it  is  therefore  appar- 
ent,  that  in  the  former  case  from  five  to  six  times  more 
humus  must  be  generated  by  the  decay  of  the  roots 
than  in  the  latter.  The  increase  of  fertility  which  the 
farmer  thus  aims  at  is,  liowever,  bj/  no  nieafis  to  be  as- 
cribed to  the  humus  alonCj  since  the  uiorganic  constit- 
uents (salts  and  earths)  which  are  present  in  maatne 
and  in  the  soil  have  a  ptincipfil  share  in  it  (§  Gil), 

If  we  consider  the  formation  of  kumus^  we  shall  at 
once  perceive  that  various  substances  are  included  un- 
der this  term  ;  for  its  constitiition  alters  every  day,  since 
a  little  of  its  carbon  and  hydrogen  is  every  day  oxid- 
ized and  separated.  We  may  easily  conceive^  that  very 
old  humus  may  contain  as  much  again  carbon  as  that 
which  is  recent,  or  even  more*  The  ideas  concerning 
humus  became  still  more  vague  when  chemists  first 
thou  gilt  of  designating  by  this  name  other  brown  and 
black  colored  substances,  the  products  of  the  evapora* 
tion  of  vegetable  juices  or  decoctions,  or  which  weije 
formed  from  wood,  starch,  sugar,  &e,  by  boiUng  the 
latter  with  acids  or  alkalies.  The  term  humm  thus  be- 
came^ as  it  werCj  a  foundling-hospital,  into  which  were 
brought  all  the  substances  formed  from  vegetable  or  an- 

al  matter,  provided  they  were  black  or  brown,  and 
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insoluble,  or  nearly  inBolijbli!^  in  water.  The 
ins  generated  by  decay,  sis  vvc  find  it  hi  ara- 
ble soil,  h  now  thought  to  be  a  mixture  o{  seA^eral 
distinct  brown  feubstancee,  namely,  of  ulmlnei  hu- 
mine,  ulmic  add,  humic  acid,  geic  acid,  erenic  and 
npocrenic  acids,  whicli  arc  produced  consceutivelyj 
according  to  the  above  series,  from  vegetalile  mat- 
ter. The  two  latter  acids  are  soluble  in  water,  and 
are  partly  the  cause  of  the  yellow  or  brownish  color 
which  wc  perceive  in  the  water  of  marabes  or  bogs; 
the  other  tliree  acids  are  only  soluble  in  water  when 
alkalies  arc  added ;  finally,  the  first  two  subataiicesj  ul- 
Hiine  and  hiimine,  can  neither  be  made  soluble  by  wa- 
t(T  nor  by  alkalies*  Accordingly,  by  tlie  general  term 
httimis  we  must  ondersland  a  tuaiss  of  brown  decaying 
matter,  partly  soluble,  pmrtly  insoluble,  partly  acid, 
partiy  neutral,  which,  with  the  uninterrupted  presence 
of  air^  water,  and  Ijeat,  may  be  still  further  decomposed, 
and  thereby  carbonic  acid  and  wal^r  evolved*  Car- 
bonic acid  and  wuler  are  indispensable  to  the  nour- 
ishment of  plautii;  hence,  in  a  ?^oil  rich  in  humusi, 
the  plants  will  grow  more  vigorously,  because  they 
find  there,  and  can  absorb  by  their  rootlets,  more  of 
tiiesc  two  nutritive  substances  than  they  could  in  a 
soil  poor  in  humus*  Humus  exerts,  morcoverf»a  bene- 
ficial intlnence  upon  vegetation,  bceaase  it  loosens  the 
soil  by  the  dev4»lopment  of  carbonic  add,  because  it 
pojutesscs  the  power  of  attracting  water  from  the  air,  and 
of  retaining  it  for  a  long  time,  and  because,  by  means 
of  the  adds  contained  in  if,  it  is  able  to  abstract  from 
the  air,  and  also  from  raaiiure,  the  tbird  means  of  nutri- 
ment for  plants,  ammonia. 

4t5.  Pidrt^fai'lmru  —  The  decomposition  of  vegetable 
tissue  takes  place  in  a  somewhat   dilTereni  manner 
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when  tlie  air  is  entirely  or  partially  exclndec],  —  for 
instance^  when   the  decomposition  takes  place  under 
waieff  as  we  observ^e  in  ponds,  maishes,  aad  rivera, 
Mi^erimcnl.  — Thrust  a  pole  into  the  niad  of  a  pond, 
I  ^   ,.«  and  catch  the  bttbUei 

^^m  ^P^  which  rise,  in  a  botUe 

^^^^  IP^l  ^^  "^^^^^  watcr»  and 

f  ^^,  1  '^^^^^     inverted      ov« 

'      ^~^^     ^  ~^      them;    when    aU  tlie 

vvater  i^displaoed  bsm 
he  bottle,  close  it  ttp 
v>i  hile  under  the  water. 
Introduce  a  little  wa* 
ter  into  the  bottle,  and 
afterwards     a      small 
piece  of  caustic  potassa  or  qaicklime,  close  it  immedi- 
ately, shake  it  a  few  minutes,  and  then  remove  the  stop- 
per under  the  water ;  a  part  of  the  water  will  press  into 
the  bottle,  because  the  bases  have  absorbed  a  portion  of 
the  gas.     The  gas  absorbed  was  carbemie 
add.     If  you  now  apply  a  burning  match 
to  the  mouth  of  the  bottle^  and  expel  the 
remainder  of  the  gas  by  pouring  in  wa* 
ter,  it  will  ignite  and  burn  with  a  blue 
flama     This  is  called  marsh  g-as  (light 
carburetted  hydrogen  gas) ;  it  consists  of 
carbon  and  hydrogenj  like  the  common 
illuminating  gas,  but  it  contains,   com- 
pared with  this,  a  smaller  quantity  of  carbon,  and  there- 
fore burns  without  giving  a  bright  light.     These  twc 
gases,  carbonic  acid  and  marsh  gas,  originated  in 
wood,  leaves,  branches,  roots,  &C-,  of  the  vegetable 
which  sunk  to  the  bottom  of  the  water,  and  were  there' 
^posed. 
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When  oxygen  ia  wanting^  the  hydrogen  of  the  vege- 
table tissue  combines  with  a  portion  of  the  carbon, 
whilei  If  there  is  an  abundant  supply  of  oxygen,  the 
hydrogen  unites  with  the  latter.  Here,  too,  a  substance 
similar  to  humus,  and  richer  in  carbon,  remains  behind; 
in  ponds^  as  a  black  mitily  in  marshesj  as  peat  This 
kind  of  decomposition  is  called  ptdrefatiion ;  it  is  some- 
what analogous  to  the  change  which  wood  undergoes 
on  incomplete  combustion  {charring^  dr^  dutiUaUQn)^B3 
is  shown  by  the  foil  owing  arrangement :  — 


In  thamng^ 


In  putrffiuMtm^ 


sne  is  couvcrt- 
ed  into 


h.)  cfirbonic  add, 
fiumed    sub- 


die  vegetable  tis- 
sue if  convert* 
edlnlo 


0.)  mfLTsh  g&$y 

&  J  cot  bonk  acid, 

c^)  partiiiLl J  ro^ 

ted  snbstan* 

CCS      (mud, 

peat). 


446*  Peat  is  formed  from  marsh  plants,  which  slowly 
rot  under  water;  every  year  a  new  vegetation  arises, 
which,  on  perishing,  sinks  to  the  bottom^  and  thus,  in 
the  course  of  time,  a  morass  is  formed.  The  young 
peat  consists  of  a  brown,  fibrous  network,  in  which  the 
separate  parts  of  the  plant  may  be  clearly  distin- 
goished ;  but  after  a  time  it  decomposes  into  a  black, 
slimy  mass,  which  may  be  cut  into  pieces  of  the  shape 
of  bricks.  The  old,  black  turf  only  smoulders  away  on 
burning,  a  proof  that  the  hydrogen  of  the  plants  from 
which  it  was  formed  has  mostly  disappeared  during 
putrefaction. 

447.  As  above  stated,  carbonic  acid  was  continually 

generated  in  the  formation  of  peat ;  a  portion  of  this 

carbonic  acid  remains  in  solution  in  the  water,  and 

this  explains  why  the  water  which  percolates  through 
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beds  of  peat  into  the  earth,  and  reappears  as  Bprings 
in  deeper  places,  often   contains  so  much   carbooii 
acid  that  it  can  be  used  as  mineral  water  (aeidulotisi 
springs)*     If  the  water  during  its  course  meets  with 
rocks  containing  protoxide  of  iron,  lime,    magnc 
&c*,  it  may,  by  means  of  its  carbonic  acid,  dls^oh 
small  quantities  of  them  (§§  237,  276)*     In  this  man- 
ner many  of  the    mineral  waters  occurring  in  nature , 
origiuate,  as,  for  instance,  the  celebrated  Marie  nbadcrj 
springs,  &C* 

449.  Besides  peat,  we  find  two  other  vegetable  sub- 
stances in  the  earth,  which  are  likewise  used  as  fuel,  on 
account  of  their  richness  in  carbon, — brown  coai  and 
pU'CoaL     Both  are  the  remains  of  a  vegetation  which 
covered  the  earth  before  it  was  inhabited  by  man.    It  ib 
highly  probable  that  they  were  formed  from  the  v^e* 
tables  and  trees  of  a  primeval  age,  when,  by  inundatiDiif  j 
or  some  other  viojent  revolution  which  the  crust  of  thei 
earth  underwent,  they  were  buried  under  immense  1 
of  sand  and  clay,  and  were  there  decomposed  by  a  pro* 
cess  similar  to  that  of  putrefaction,  wlule  the  sand 
hardened  into  sandstone,  and  the  clay  into  slaty  clay 
or  shale.     In  those  places  where  the  layers  of  earthy 
were  not  sufficiently  strong  to  prevent  the  escape  of  thcr  | 
carbonic  acid  and  of  the  marsh  gas,  we  often  find,  as,  i 
for  instance,  in  many  species  of  brown  coal,  the  form ' 
of  the  wood  so  well  preserved,  that  the  annual  rings 
may  be  distinguished  in  it  (bituminous  wood) ;  but  in 
other   places  the  wood  is  transformed  into  a  brown 
mass,   which   has  a  strong  resemblance  to  humus,  or 
peat  (brown  coal).     But  if  the  pressure  of  the  superin* 
cumbent  ma.*s  of  earth  was  so  strong  as  to  prevent  the 
escape  of  the  gases  formed  during  the  decomposition 
ofthe  imprisoned  plants,  they  must  necessarily  have  i©-J 
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Wben  oxygen  i»  wanting,  the  hydrogen  of  the  vege- 
table tisiiue  combines  with  a  porlioii  of  the  carbtiiii 

lilr,  if  tliere  is  an  abundant  anpply  of  oxygen,  the 
hydrogen  unites  with  the  latter.  Here,  too,  a  substanco 
fiimilar  to  humus,  and  richer  in  carbon ,  remains  behind ; 
in  ponds,  AB  a  b!aek  mnd^  in  niar^^hes,  aa  paiL  Tiiia 
kind  of  dccom position  is  called  puiref action;  it  is  some- 
what analogons  to  the  chinige  wlnuh  wood  nndergoea 
on  incomplete  eombnstion  {tlmrnfi^^  dnj  distiHaihnjf  aa 
ii  shown  by  the  following  arrangement  :^ — 


in  ^amnff, 


a,}  lUainLiiatlQg 

6-)cftrbotiic  acid, 
c.)  partially  con- 

itnticu  (liu', 
coke,  &c.}p 


tbo  Tegeialili  til- 
lao  it  convert-  - 
ed  into 


'  Or}  mmrsh  g^ns, 
6)  carbonic  add, 

ted  subsmti* 
fcft      (mud, 


446.  Pent  is  formed  from  mamh  plants,  which  slom^ly 
rot  tinder  water ;  every  year  a  new  vegetation  arj5esj 
which,  on  perishing,  sinks  to  the  bottom,  and  thns,  in 
the  course  of  time,  a  moniBs  is  formed.  The  young 
peat  consists  of  a  brown,  fibrous  network^  in  whicli  the 
steparntc  part^  of  the  plant  may  be  cli^arly  dij^tin- 
guished;  but  after  a  time  it  decomposes  into  a  blitek, 
Blimy  mass,  winch  may  be  cut  into  pieces  of  the  shape 
of  bricks*  The  old,  black  turf  only  smoulders  away  on 
btirning,  a  proof  that  the  hydrogen  of  the  plants  from 
which  it  was  formed  haa  mos^tly  disappeared  during 
jmtrefaction. 

447*  As  above  stated^  carbonic  acid  waa  continually 
generated  in  the  formation  of  peat;  a  portion  of  this 
carbonic  acid  remjiins  in  solution  in  the  water,  and 
thk  explains  why  the  water  wUicU  ^tc»\a^^^  Vwc^^^ 
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any ;  many  melt  iii  the  heatj  others  crumble  to  a  sandy 
powder ;  many  yield  bnt  one  per  cent  of  aBhes,  while 
others  yield  from  25  to  30  per  cent,  Sec. 

449,  IVhiie  Rotten  Wood,  —  Experiment  —  Put,  dnr- 
ing  the  fiuramer,  some  sawdost^  moistened  with  wat^r^ 
in  a  closed  vessel,  and  let  it  stand  for  some  morvths ; 
the  wood  will  gradually  lose  ita  iirmness,  and  be  con- 
verted into  a  while ^  friable  substance,  A  splinter  of 
wood  will  not  continue  to  burn  in  the  air  of  the  vessel , 
since  the  air  no  longer  contains  free  oxygen,  but  car- 
bonic acid.  The  water,  too,  has  disappeared :  it  has 
chemically  combined  with  the  woody  tissue.  A  similar 
transformation  frequently  occurs  in  the  interior  of  the 
truDka  of  trees,  where  the  air  cannot  have  free  access ; 
the  well-known  white  rotten  wood  is  formed  in  this 
way*  When  the  air  has  free  access,  a  brown  substance 
(humus,  ulmine)  is  produced,  such  as  occurs  in  hollow 
elmsj  willows,  lindens,  and  other  trees. 

The  decomposition  to  which  wood  is  exposed  by  de- 
cay and  putrefaction  may  be  retarded  and  checked^  — 

1.  By  rapid  drying,  whereby  the  water  of  the  sap  is 
removed. 

2.  By  steeping  in  water  or  steam,  by  which  process 
the  sap  is  dissolved  and  removed, 

3.  By  smearing  with  bodies  which  prevent  the  pene- 
tration of  the  water;  for  instance,  with  varnish,  tar, 
pitch,  &a 

4.  By  impregnating  with  saline  solutions,  which  act 
antisepticaUy ;  for  instance,  with  corrosive  sublimate 
(kyanizing),  salts  of  lime,  iron,  &a 
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IL  STARCH,  OR  FECIILA. 

450.  A  MEALY  Eubstxince,  which  is  known  under  the 
name  of  siarch^  or  fecuiii,  is  deposited  in  most  vege- 
lables)  particnlariy  at  the  period  of  ripening,  from  the 
jujcea  with  wliich  the  cells  of  the 
plants  arc  fiiled* 

It  appears  to  the  naked  eye  like 
particles  of  meal,  but  uuder  a  power* 
fill  microscope  it  is  found  to  coneist  of 
small,  generally  regular  grains  or  glob- 
ules. ,  Their  pos^ition  in  the  plant  is 
shown  in  tiie  annexed  figure^  which 
represents  u  acction  of  gome  of  the 
cells  of  a  potato. 
If  a  fresh  plant  is  bruised  and  macerated  in  water, 
and  the  liquid  then  pqueezed  outj  a  large  portion  of  the 
starch  will  pass  with  the  juice  from  the  vegetable  tissue, 
and  will  settJe,  after  standing  quietly  awhile,  as  a  mealy 
mass.  Potatoes,  grain,  and  legurniiious  plants  are  very 
rich  in  starch. 

4oL  Fot^ioes*  —  RtpeHmenl. — ^Rasp  some  potatoes 
on  a  grater,  knead  the  pulp  thus  obtained  with  water, 
and  iqueeze  it  in  a  linen  doth  ;  the  ftbrom  partieks  of 
the  cells  remain  behind*  but  the  juice,  together  with  a 
lafge  portion  of  the  starch>  ran^  througlu  If  you  let  the 
turbid  liquid  remain  quiet  for  some  hours,  it  becomes 
clear,  becanse  the  heavier  starch  settles  at  the  bottom* 
Now  decant  the  liquid,  wash  the  starch  several  timaftj 
with  fresh  water,  allowing  it  to  settle  each  time, 
fhcadry  it  in  a  moderately  warm  place. 

MjfKrimeni.  —  Heat  iu  a  flask  the  clear  liquid 
caitted  from  the  starch;  it  becomes  turbid  when 
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heat  approaches  the  boiling  point,  andj  after  boiling 
for  a  few  moments,  deposits  a  flaky,  grayish-white  sub- 
stance, which  Is  to  be  collected  on  a  filter.  It  is  the 
same  substance  already  referred  to  (§  432),  ueg^tabie  ai- 
burner^  characterized  by  its  property  of  dlssotving  in 
cold  and  warm  water,  but  of  coagulating  in  boiling 
watcn     It  contains  nitrogcUi  which  the  starch  does  not 

Experime/U*  —  Put  sorae  of  the  coagulated  albumeti 
upon  a  piece  of  platinum  foil,  and  heat  it  over  a  lamp ; 
it  will  burn  and  emit  a  very  disagreeable  cmpyreumadc 
odor*  When  starch  is  treated  in  the  same  manner,  it 
also  gives  oS  an  empyreumatic^  but  far  less  unpleasant 
smell.  All  azotLzed  substances  comport  themselves  in 
this  respect  like  albumen ;  aU  non-azotized  substatices, 
like  starch ;  therefore,  when  a  piece  of  woolleti  clatb  is 
singed,  it  dilTuses  a  far  more  disagreeable  odor  tlian 
a  piece  of  cotton  or  linen,  because  nitrogen  is  crintaijied 
in  the  wool,  but  not  in  the  cotton  or  linen* 

A  freshly-cut  potato  has  a  white  color,  wbrcUj  ouw 
ever,  on  longer  exposure  to  the  air,  passes  over  to 
brown;  a  similar  change  takes  place  in  the  liquid 
pressed  out  from  the  grated  potatoes ;  at  first  it  is  color^ 
less,  but  gradually  becomes  darken  The  Babstaxios^ 
not  yet  accurateiy  studied,  which  effects  this  change  of 
col  Of,  is  designated  by  the  general  term  coloring-  maiier; 
it  is  soluble  in  water,  as  is  evident  from  the  last-men* 
tioned  property* 

ExpcrimenL  —  Mix  twenty  drops  of  Bulphoric  ac 
with  three  ounces  of  water,  and  pour  tliis  acid  wat 
upon  a  potato  cat  in  thin  slices ;  after  standing  twenty- 
four  hours,  the  slices  are  to  be  t^ken  out^  and  washed 
wnth  water  tiU  they  have  no  longer  an  acid  taste,,  and 
then  dried.  Diu*ing  thi.'^  proce^  the  potatoes  lose  thcii 
juices,  and  also  their  albumen  and  coloring  matt^sr,  ajid 
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after  drying  form  a  solkJ,  mealy,  wbitej  and  tastelea 
iubsUince,  whkli  swelb  up  and  becomes  soft  when  boil- 
ing water  b  poured  upon  it.  Potatoes  dried  without 
tills  treiitmeiTt  become  gray  and  hom-iike,  and  acquire 
an  unpleasant  smell* 

452.  Peas.  —  Experimeni,  —  Pour  a  handful  of 
into  a  capaeiou»  vessel  containing  water,  and  let  it" 
sUiitd  for  80ine  days  jH  a  warm  room ;  a  great  part  of 
the  water  is  absorbed  by  tlie  peaa,  causing  them  to 
swell  npi  and  Cjuilly  to  become  so  00ft  that  they  can 
sily  be  mashed  between  Ibe  fiiigerei*     When  in  thia , 
ite  bruise  them  m  a  mortar,  and  add  sulTtcient  wa*] 
er  to  form  wiih  them  a  thin  paste,  which  ttiay 
aqiieeii^ed  out  by  means  of  a  linen  clolh.     Here,  aboj  wo^ 
obtain,  as  from  potatoc8,  —  1,  ^fibrous  substa^nce,  which 
rmains  on  the  cloth  j   2.  starch,  which  is  deposited, 
Iter  atandlngj  from  the  turbid  liquid ;  3*  vegeiabk  aibu- 
nwn^  when  the  dccaftted  liquid  k  boated  to  boiling, 
E-rjftnment.  —  When  you  have  separated,  by  boiling| 
id  fdtcring,  the  vegetable  albumen  from  the  above- 
sntioned  liciuid,  add  to  the  latter  a  few  drops  of  some 
ad  of  acid  ;  a  flaky  white  body  will  once  more  be  do 
posited  ;  this  13  called  vr^^clabk  cmetne  (cheeky  matter), 
on  account  of  its  great  similarity  to  the  cheese  con- 
tained in  rnilk  (animal  caseine)  in  its  constitution  andj 
also  in  its  properties.     Vegetable  caseine,  like  vegetable 
uibumen^  contains  mirogen;  but  It  is  distingutshed  from 
the  latter  by  thij<,  namelvi  ihzi  it  h  not  coajpdated  by 
boiling,  though  it  is  by  acids.     It  occurs  in  the  }um^  uf 
Tnany  plants,  but  it  is  most  abundant  in  the  seedA  of 
leguminous  plants;  potatocai,  likewise,  contain  sma 
quantities  of  it. 

453*  IVheat  Fiaur.  -^  Experiincni.  —  Moisten  a  band* 
ful  of  wheat  Hour  with  sullicient  water  ta  form  a  stiff 


paste  when  tritnrated  id  a  moitar ;  inclose  It  In  a  piece 
of  thick  linen,  and  knemd  it  frequently,  adding  water  bm 
long  as  the  liquid  which  mna  through  oontiniies  to  baTe 
a  milky  appearance.  After  standing  Bome  time^  a 
white  powder  will  settle  from  the  turbid  water :  Ibis  ii 
wheat  starcL 

Starch  is  one  of  the  principal  constituents  of  Qon?,  ai 
indeed  of  all  sorts  of  meal  j  the  second  constituent  re- 
mains behind  in  the  cloth,  mixed  with  vegetable  fibm, 
and  is  a  viscous,  tough,  gray  substance,  which  has  re- 
ceived the  name  gluten  (vegetable  fibrine).  The  gliiten 
only  swells  up  in  water,  without  being  cDmpietely  dm* 
solved ;  in  its  constitution  it  corresponds  exactly  with 
albumen,  and,  like  this,  contains  nitrogtiL 

When  the  water  decanted  from  the  starch  is  boiled, 
it  becomes  turbid,  and  when  partially  evaporated  yields 
a  floceulent  precipitate ;  thus  wheat  meal  contains  also 
some  vegetable  albtMen* 

454.  If  the  results  of  these  experiments  are  grouped 
together,  we  shall  find  that  there  are  always  present  iji 
potatoes  and  peas,  and  also  in  wheat  floar,  the  two 
non-azotized  substances  vegetable  tissue  and  starch, 
and  also  one  or  several  of  the  azotized  compounds  veg* 
e table  albmnen,  caseine,  and  gluten. 

Non-Azoiized  Subsiamcs* 
In  potatoes  :  vegetable  tissue,  starch  ; 
In  peas  :  vegetable  tissue,  starch ; 
ill  wheat :  vegetable  tissue,  starch- 

Azoiized  Substaiwes. 
In  potatoes  :  vegetable  albumen,  caseine  (little)  j 
In  peas  :  vegetable  albumen,  caseine  (much)  ; 
In  wheat :  vegetable  albumen,  gluten  (much). 
The  three  substances  above  named,  containing  nitro 
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gCQ  and  snlpbnr,  have  the  genera!  name  of  aibuminmts 

<'■  h ;  hitherto  they  have  been  caUecl  proieinaceous 

LL  :^  -.-ids.     Small  quaatities  of  one  or  more  of  them 

occur  in  the  sap  of  every  plant 

Fii^  iM.  ^^g    Paialo   starch  exhibits,    under 

i9     ft.      the  microacopcy  the  form  of  egg-shaped 

^  jm.  ^      grains?  consisting  of  many  scales  over' 

lapping  eacli  other;   it  glistens  in  the 

sun,  is  hard  to  the  touch,  and  has  al' 

ways  more  of  a  pulverulent  than  of  a 

concrete  character. 

In  the  Hatch  of  peas  many  of  the 
grains  are  concave  in  the  direction  of 
their  length,  while  others  seem  to  be 
formed  by  the  growing  together  of  sev- 
eral globuleH. 

IVIteat  starch  consista  of  dull,   flat- 
tened,  lenticular   grains,  which,  when 
moist,  readily  adhere  to  each  other,  on 
which    account    the    wheat    starch   of 
commerce  always  comes  in  loose  lumps. 
When  ground,  it  is  known  mider  the 
name  of  hair-powder,  ^c, 
Arrowroai  h  a  starchy  meal  used  in  medicine,  which 
is  prepared  in  the  East  and  West  Indies  from  the  roots 
of  some  marsh  plants, 

45G.  RrpcrimenL — If  some  starch  is  placed  in  a 
ladle,  and  gently  heated  with  constant  agitation  till 
dried  up,  hard,  horny  gmnules  arc  obtained,  which 
swell  when  boiling  water  is  poured  on  them,  and  be- 
come gelatinous  and  tnmslmrent;  these  granules  are 
called  sago.  The  genume  sago  cornea  from  Iiidia, 
where  it  is  prepared  from  starch,  which  h  extracted 
from  the  pith  of  many  of  the  palm-treeak 
40 
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We  find  tlic  starch  granules  swoUen  by  wa(er,  aUu, 
in  boiled  potatoes.  One  pound  of  crude  potatoes  con- 
tains about  three  quarters  of  a  pound  of  water}^  juice, 
and  from  two  ounces  to  two  and  a  half  of  starch ;  at 
the  heat  of  boiling  water  or  steam,  this  juice  is  ab* 
sorbed  by  the  starch,  so  that  the  swoUeu  grains  fdl  up 
the  cella^  which  thereby  acquire  a  round  shape.  The 
annexed  figure  represents  the  magniG**d 
reticulated  cells  caused  by  the  coagulated 
albumen  of  the  juice,  which  fills  up  the 
interstices  between  the  single  granules* 
AJI  our  baked  food  contains  starch  aa  its 
principal  ingredient^  and  owes  to  it  its  friable  and  light 
character. 

457,  MtperimenL —  Heat  in  a  vessel  half  a  tkam  of 
starchj  with  an  ounce  or  an  ounce  and  a  half  of  wateti 
constantly  stirring  it  Jill  it  boils ;  the  mixture  first  be- 
comes slimy,  and  finally  as  thick  us  a  jelly.  The  grain* 
of  starch  absorb  water,  ajid  swell  up,  so  that  the  single 
membranes  break  open.  ThLa  swollen  starch  is  well 
known  for  its  adhcaive  properties,  and  is  variously  em- 
ployed  as  a  means  of  thickening  priJiting  colors.  When 
Uneu  and  otlier  woven  fabrics  are  passed  through  a  thin 
paste  of  starch  J  they  acquire,  after  drying,  a  degree  of 
stilfness,  and  by  ironing  or  strong  rubbing  and  press- 
ing a  briglit  gloss  (dressing).  The  swelling  of  ninny 
of  our  most  common  articles  of  fuotl^  such  as  rice, 
groats^  barley,  beans,  pca#,  lentils,  {cc„  when.  boUed 
witJi  watt!r,  is  now  readily  e^iplaiued  by  their  contaimng 
a  large  quantity  of  starch. 

ExparimenL  —  If  you  let  some  irtareh  pn^f f*  remaia 

for  a  length  of  time  in  a  warm  pkcc^  it  y  be- 

oonies  thin  anJ  sour;  it  (huH  pii^H.^f-  -  »-  nrkl^ 

rhicli  ha»  received  the  name  of  /  oiic 


I 


STAltCB. 


471 


Fftcid  is  produced  when  milk  becomes  sour,  and  it  im- 
[  parte  to  curdled  milk  and  to  buttermilk  their  w«*ll- 
'known  sour  taste, 

ErperimenL  —  Dilute  some  starch  paste  with  a  large 
rproporfiou  of  water,  and  add  to  it  a  few  drops  of  tiiio* 

turc  of  itjdiiie  (§  155)  ;  an  intensely  deep  blue  liquid 
^^ {iodide  of  starch)  is  produced.     The  same  color  may 

be  ptTCeived  by  dropping  some  ti net ure  of  iodine  upon 

meaJj  potatoes,  earrots  ^c.     We  have  in  iodine  an  ex- 

tremcfy  delicate  test  for  starch. 

There  is  a  peculiar  species  of  starch  called  intilinCf 

which  occurs  in  the  roots  of  the  elecampane  and  the 
Miuidelion^  and  in  tlie  bulbg  of  the  dahlia ;  this  is  colored 

yellow  by  the  lincture  of  iodine. 

Anotljer  variety  of  starch,  whicli  is  colored  brown  by 

the  tincture  of  iodine,  is  found  particularly  in  Iceland 

tnosSf  and  is  called  lichemne- 

Change  of  Slarch  tnta  Gum  and  Sug-ar, 

4r59,  Sarch  Gum,  —  Experimeni* — If  staTch  is  heat- 
ed in  n  ladle  over  a  gentle  alcohol  flame,  and  during  the 
heating  (masting)  is  constantly  stinrcd  lo  prevent  its 
burning  and  baking  on  the  boltora  of  the  ladle^  it  ae* 
quires  after  a  while  a  yellow,  and  fmally  a  brownish* 
yellow  color,  and  then  possesses  the  new  property  of 

►  dis3o!ving>  both  in  cold  and  in  liot  water,  into  a  muci* 
Inginous  licpiid,  {Common  starch  is  entirely  insoluble 
in  cold  water  J  and  only  swells  up  in  hot  watiT.)    Starrh 

}  ibus  tmnsformed  is  called  roasted  starchy  starch  gvm^  or 
ieiocome.    It  is  well  ud^if^tr-d  for  the  thi-'^-rv'tgj 
and  mordants  in  calico-prijitfng,  ani 

lOfic'n  made  on  an  cxtensire  scale,  O- 
ttarrh  In  largf?  eortrt-— --»"-- 

Experiment. —  Mi  v  ,»yt 
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an  ounce  of  starch  with  one  dram  of  water  and  fonr 
drops  of  nitric  acid ;  let  the  misctnre  dry  in  the  air,  and 
then  place  it  on  the  hearth  of  a  heated  oven,  which  is 
just  hot  enough  to  hiss  feebly  when  touched  with  the 
moistened  finger.  After  some  hours,  all  the  nitric  acid 
will  be  expelled,  and  the  starch  will  dissolve  almost  en- 
tirely in  cold  water,  and  completely  in  hot  water. 
Slarch'gum  thus  made  is  white,  or  has  only  a  slight 
yellowish  tinge. 

Experiment.  —  Make  a  paste  of  potato  starch  by 
boiling  starch  with  water,  and,  while  yet  hot,  add  to  it, 
in  a  saucer,  some  drops  of  sulphuric  acid,  with  constant 
stirring.  That  this  acid  effects  a  change  is  evident,  for 
the  viscid  mass  very  soon  becomes  a  thin  liquid.  Now 
place  the  saucer  on  a  jar,  in  which  some 
water  is  simmering  (steam-bath),  and  let  it 
remain  over  the  hot  steam  (the  contents  of 
the  saucer  not  being  heated  quite  to  the 
boiling  point),  until  the  liquid  has  become 
semi-transparent  When  this  is  the  case, 
add  prepared  chalk  by  small  portions  at  a  time  to  the 
liquid,  until  it  ceases  to  give  an  acid  reaction,  and  after 
having  filtered  it  from  the  gypsum,  leave  it  to  evapo- 
rate in  a  warm  place.  The  dry  residue  has  an  amor- 
phous, vitreous  appearance,  an  insipid  taste,  and  dis- 
solves yi  water,  forming  a  transparent  viscid  fluid;  it 
is  not  soluble  in  alcohol.  Vegetable  substances  with 
such  properties  are  usually  called  gums ;  the  gum  ob- 
tained from  starch  has  received  the  special  name  of 
deoUrine, 

459.  Starch' Sugar, — ExperimenL  —  Repeat  the  fof» 
mer  experiment^  with  the  following  deviation*    Bdnp' 
to  brisk  boiling  two  ounces  and  a  half  of  water 
which  twenty  drops  of  sulphuric  acid  have  bee 
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[mif  and  Uien  add  one  onocc  of  staieh  noxed  vrtb  a 
Side  water,  tbimmg  a  paste,  but  oolj  in  snail  < 
titles  at  otuoe,  lliat  the  boiisng  roar  not  be 
( When  all  the  stajrh  b  stirred  in,  let  tbe  i 
for  gome  mijiote*,  tiiea  nctitmlke  the  acid  bf  i 
land  evuporate  the  filtered  liquid  to  tbe  eoMsieaej  of  4 
^ick  f  imp.     It  posiesaes  a  rery  swMt  tast^  and 
ista  of  a  soItitjoD  of  sugar  la  wmUKT*    The 
3113  made,  ai  well  aj  the  wtu^t^  solid 
easily  prepared  fronj  it,  aic  now  botfi  aitidei  of  coia- 
merce. 

Suireb,  as  shown  by  tbeae  experinieii^  k  i 
kly  »ulphtinc  add^  on  moderate  beating,  into  ^ina; 
latron^PT  heating*  in+-^  -   _ ^     1^^  ^^  hMet  ^ 
rdt.*x trine  U  first  fan  ihts  Moa  pamj 

wr.  Accordingly,  iajpham  acid  exerti  two  difieiem 
lettons.  By  the  first  action,  the  atarcb  becoOiCT  gmm 
(dextrine).     By  tbe  second  action,  tbe  dextrioe  bcoogotg 

It  Mb  not  yet   been  expiained  bow  tUs  effect  a 
produced.     Starch,  starch-gnm,  and  ataicjfiqgtf 
each  the  aanie  constittttiofi  (uofnme),  eo  that 
^dilTefeiiee   tmdonbtedly  depends  upoo  «  £Seit«] 
Angemeiit  of  the  atoms  of  caiboo,  hydrogn^  and 
gen  contained  in  them,  and  it  Is  tmdoablfidty  tbe  ] 
l'  ''    h  effects  tbb  cbaiige  m  tbe  potttioii  < 

^xirtino  of  the  tiilfliQiie  acid  baa  1 
^decampo»t-d,  neither  has  any  of  h  eombtaed  with 
substance;  for  we  find  again,  in  tbe 
1  ^  ataetly  the  gnmr  nTTintitv  of  inlphnfif!  aeld  \ 

had  been  originaJiy  ei 

i  titcb  eaa 

excite  a  .^^mcmiX 
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itself  nndergoing  any  change.  This  peculiar  inocb  of 
action  of  sulphuric  acid  and  of  platinum  is  often  design 
nated  by  the  name  of  ''  action  of  presence  "  (contact),  or 
action  by  catalysis  (power  of  conversion). 

460.  Malt  and  Diastase.  —  ExperimenL  —  Pour  two 
ounces  of  lukewarm  water  upon  a  quarter  of  an  ounce 
of  coarsely  pulverized  barley-malt ;  let  the  mixture  re- 
main some  hours  near  a  fire  or  stove,  or  in  the  sun, 
and  then  strain  it  through  a  linen  cloth ;  there  is  found 
in  the  filtrate  a  substance  not  yet  well  known,  called 
diastase^  by  means  of  which  the  starch  may  be  con- 
verted into  gum  and  sugar  in  the  same  way  as  by  sul- 
phuric acid. 

Experiment.  —  Rub  a  quarter  part  of  the  diastase 
with  some  hot  starch  paste,  made  of  a  quarter  of  an 
ounce  of  potato  starch  and  two  ounces  of  water ;  heat 
the  mixture  moderately  (but  not  above  65^  C),  until 
the  paste  is  formed  into  a  thin,  transparent  liquid. 
Now  boil  this  liquid  for  some  time  at  a  stronger  heat, 
strain  through  a  cloth,  and  let  it  evaporate  in  a  warm 
place.  The  mass  remaining  behind  is  like  that  ob- 
tained at  §  458,  and  consists  of  dextrine^  or  jtarch-gum. 

Experiment. —  Treat  the  other  three  quarters  of  the 
diastase  in  the  same  way,  but  prolong  the  heating  for 
several  hours,  which  may  be  most  conveniently  done 
on  the  hearth  of  a  stove  or  fireplace,  applying  to  the 
liquid  a  heat  not  above  70^  or  75°  C.  Here  also  dex- 
trine is  the  first  product  formed ;  but  this  is  soon  con- 
verted on  further  boiling  into  starch-sugar,  as  may 
easily  be  perceived  by  its  taste.  By  evaporation,  sirup 
of  starch  is  obtained,  as  in  §  459. 

461.  The  remarkable  change  which  malt  communi- 
cates to  starch  is  to  be  ascribed  to  the  diastase  con- 
tained in  the  malt     This  substance  obviously  acts  in  a 


imilar  inanuor  to  sulphuric  acid,  but  its  mode  ol^ 
ia  as  yet  likewise  unknown.  At  100^  C,  conse- 
quently, on  boiling  the  liquid,  the  effect  of  the  raalt 
(dlaitase)  is  destroyed.  The  process  of  fonning  sugar 
by  means  of  the  diastase  of  malt  is  of  great  Impor- 
tauoe  to  the  brewer  and  brandy-distiller,  as  in  tlie 
manufacture  of  beer  from  barley  or  wheat,  or  brandy 
from  rye  and  potatoes,  the  starch  of  these  Bubstancea 
must  always  be  previously  converted  iuto  sugar,  before 
fennentation  and  the  consequent  formation  of  alcohol 
can  take  place.  In  both  cases  it  is  the  diastase  of  the 
malt^  iudi^peusable  in  brewing  and  In  the  dktillation 
of  brandy,  which  efTccts  thk  change  in  the  so-called 
mashing^  process* 

463.  The  taste  of  maU  m  sweet  and  mueUaglnouBi 
because  the  conversion  of  the  starch  into  dextrine  and 
wagsLT  commences  during  germination,  the  further  prog- 
tem  of  which  is  arrested  in  this  case  by  drying.  If 
the  genniuated  barley  is  allowed  to  continue  growing, 
as  it  does  in  the  open  fields,  all  the  starch  gradually 
Tanishes  from  the  grain,  and  passes,  in  the  form  of  dcx- 
irijje  and  Bugar,  into  the  juice  of  the  young  plants  as 
h  obvious  from  the  sweet  taste  of  tlic  latter,  and  from 
its  mucilaginous  feeling  when  nibbed  between  th©' 
fingers. 

A  similar  metamorphosis  is  also  clearly  to  be  per- 
ceived in  the  potatoes.  The  quantity  of  starch  con- 
tained in  one  hundred  pounds  of  the  same  kind  of  po- 
tatoes has  been  found  to  be,  in  August^  10  pound.^ ;  in 
September,  14;  in  October,  15;  in  November,  16;  in 
December^  17;  in  January,  17;  in  February^  16;  in 
March,  15;  in  April,  13;  in  May,  10.  Accordingly, 
the  quantity  of  starch  m  potatoes  increases  durixig  tha^ 
EQtumUl  remains  statioimry  during  tlie  w*intcr»  and  m 
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the  spring,  after  the  germinating  principle  is  excited,  it 
diminishes.  It  is  a  well-known  fact,  that  on  germina- 
tion potatoes  become  soft,  mucilaginous,  and  afterwards 
sweet;  the  dextrine  forming  from  the  starch  renders 
them  mucilaginous,  and  the  sugar  forming  from  the 
dextrine  renders  them  sweet  This  process  of  trans- 
formation advances  still  further  in  the  earth,  the  pota- 
toes becoming  constantly  softer  and  more  watery,  and 
when  the  starch  is  completely  consumed  in  the  growth 
of  the  young  plant,  the  process  of  decay  commences, 
and  its  products,  carbonic  acid,  water,  and  ammo- 
nia, may  be  regarded  as  food  for  the  somewhat  older 
plant 

463.  Unripe  apples  and  pears  are  colored  blue  by 
tincture  of  iodine;  consequently  they  contain  starch. 
When  completely  ripe,  they  cease  to  give  this  reaction ; 
therefore  starch  has  disappeared  on  ripening,  as  ap- 
pears by  the  taste  of  the  fruits ;  they  are  sweet,  and 
we  must  therefore  presume  that  here  also  a  transfor- 
mation of  the  starch  into  dextrine  and  sugar  has  taken 
place.  It  appears,  also,  that  frost  is  capable  of  exert- 
ing a  similar  influence  upon  these  vegetabl^substances, 
which  are  rich  in  starch  ;  it  is  well  enough  known,  that 
frozen  potatoes,  apples,  medlars,  &c.  have  a  sweet  taste 
after  being  thawed. 


IIL    GUM  AND  VEGETABLE  MUCUS. 

464.  It  has  already  been  explained,  when  speaking  of 
dextrine,  what  kind  of  vegetable  matter  is  called  gum^ 
and  likewise  that  it  is  an  intermediate  substance  be- 
tween starch  and  sugar.    Dextrine  is  one  of  the  most 
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dely  difltised  sttbslaoced  lu  the  vrgetable  kingdoto, 
iincc  we  find  tt  iii  greater  or  less  quantittes  m  tbcjuim 
of  every  plant- 
But  there  exist  in  tnniiy  plants  certain  sorts  of  gmu, 
and  ic-s  in  stich  abundance,  that  they  esnide 

iuHu  <  ^  a»  a  vbcid  Ijqiiid,  and  barden  uptm  it  io 

tranjaparent  globular  mouses,  aoeh  a9  we  see  on  our 
pf^ach  and  ihenry  treasu  The  name  resim^  by  which 
these  dried  vegetable  juices  are  fftnincnily  deilgitatedi 
is  erroneous,  becaiuto  by  festnt  are  meant  tbo«e  Tcge- 
table  juices  which  do  not  dj^^dolve  nor  9olten  in  walei^ 
Imt  art;:  volatile  in  alcohoL  The  acdoQ  of  gmn  19  di& 
fi^rent ;  this  is  insoluble  in  alcohol,  bat  is  eofiened  and 
dissolved  by  water- 

465.  Gum  Arabic  —  The  best  Ias0wn  of  theae  peen* 
liar  sorts  of  gum  ia  gum  Arabic,  which  eiiidea  q»o* 
tanconsty  from  sevenii  species  of  acMa  In  Africa. 
The  finer  Borrs  of  it  arc  whitC|  the  more  eommon  kiocb 
have  a  yellow  or  brown  eolor,  Wben  well  driefit  H  is 
m  hard  and  brittle  that  it  may  be  fednoed  to  a 
by  pounding. 

ErperimenL  —  Poor  two  drains  of  cold  water  on  1 
dram  of  gnm  Aiabic,  and  ooeasionally  stir  the  mLrtorr  ;~ 
the  gum  will,  after  a  few  daya,  entirely  dU$ohe  m  the 
water,  forming  a  visdd  transparent  wm€itag€f  which 
fnuy  be  diluted  at  plea-  i  mom  water*    TUa 

mucilag*;  has  grtMl  adheiii  ,  lor  which  reaaon  it 

oft^n  u&ed,  instead  of  paste  or  glue,  for  jcitning 
ptifxrr,  &c,  or  for  converting  a  polvernleni  mbet 
into  a  coberent  raass  (crayons,  pa$ttUe«t  Ace.);  it 
inoreover,  a  thick  oonidsteticy,  ami  hence  is  variooaly 
^^Mnplciyed  in  «  d  I 

^^^olofs  and  lii*  ,.,..,*^ ^    

I     operations.    A  variety  of  gum  obi 


'•'■       "*  ^It"'!     It...*"'    "^       "  !f*     ■  '  ■    *i  "i»     L    ""  1'"'"'    ■'■* 

-^*»'.    .-J.I.  r-.-:r-r. *•."?.' A   if  i->:   i  '■'c-"-:  "  -: 


cc:r.es  m _:»•:■  z^zrri^  i -:  a  <Mr:*rle:e  a^:•;a:io:l  is   not 

Tnls  kir.i  oi  smm  hi^  ":-^?n  colieJ  rfz^tcble  mucus 
(ba5.s:rize  .  :o  disiLi^^^h  ;:  from  the  fonner;  k  oocoib 
aL^  in  minv  o:her  plan:^,  as.  for  iiistaiioe,  in  the  leaves 
of  the  mallows  and  the  coltsfoot  in  the  roots  of  tho 


althea  and  salcp,  in  Qmx  aiid  quince  8€edS|  and  iii 
ra^een,  &C.  Tins  mnrilnge  uboiitjds  in  tlte  cores  of  tlio 
qoiiioe,  for  it  surruuada  ihe  iecda  tlh  a  whkisli,  tmu^par* 
ent  sobstanoc ;  it  must  obviously  be  very  plcntiftil,  mim 
■One  dram  of  quiiictf-corcss  is  Butfic^ieut  to  Lroiivurl  liaU  a 
|K>ai]d  of  water  into  a  thick  mucilage* 

467.  ExperimenL  —  If  you  pour  a  large  qnarrtjty  of 
water  upon  BOmc  of  the  g^tm  of  cherry  or  plum  Xtvx^t 
part  of  the  gam  will  btr  dbsolvcd  after  sofno  tim%" 
but  a  part  wlU  reinyiii  uiidisdolved  as  a  turgid  mii^ 
(vegetable  mucusj  cerasine)*  These  two  vegetabk'  cx- 
udatiuiis  nju^t  accordingly  be  regsirdcd  as  nnxturca  of 
gum  and  vegetable  mucus* 

4GS,  Peciinc*  —  The  jmet-^  of  many  fmita  atid  roota 
for   instance^   currantjij    gou&cbcfries,   dicrricsi,   applea 
carrots,  jce.|  contain  a  peculiar  kind  of  mucus,  >vhich 
eonununieates  to  the  juiee  tiie  property,  cspedally  wlicu 
previously  boiied  with  sugar,  of  harden i rig  into  a  gi-lat- 
hiQiu  mass  after  cooling-     Tliia  niueus,  to  which  the 

lireuing  of  the  juice  is  to  be  ascribed,  Ueis  received  the 

reciaJ  name  o^pttiiM  (vegetable  jelly)* 


IV.    SUGAR   (SACCHARUM). 

409*   Sti^r  of  Siarch. —  The  tnanncr  of  couverlinj^ 

stiireh  inli*  sugar  ha«  iitready  been  deiieribed  under  ilic 

bead  of  Starch.     This  sugar  may  be  prepared  in  two 

WHYS ;   triUier  by  boiling  witli   diluted   sulplinric   ucid 

^  (iiinip  of  *f»n"b),  or  by  di^ei^ting  the  starch  vvitfi  mail  or 

&irap)«     Both  of  these  sirups  may  be  re- 

-r :*-  *-fl  solutionis  of  sngar  in  water*     IC 

rup  of  »«iarcb  is  iillo\v*:A  \f>  uttrnva 
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standing  for  some  time,  a  granular  sediment  separates 
firom  it,  while  a  part  of  the  solution  of  sngar  remains 
floid  and  ropy.  The  solid  sngar  thus  obtained,  which 
consists  of  fine  granules,  is  called  starch-sugarj  and  the 
liquid  portion,  which,  even  on  being  evaporated  to  dry- 
ness, always  again  attracts  moisture  and  deliquesces, 
is  called  liquid  sugaf. 

Honey  bears  a  strong  resemblance  to  starch-sugar. 
If  it  is  kept  for  some  time  after  being  melted,  the  mass, 
at  first  homogeneous,  likewise  separates  into  two  parts, 
into  a  granular  solid  residue,  and  into  a  sirupy  liquid. 
The  former  consists  of  starch-sugar,  the  latter  of  liquid 
sugar. 

This  species  of  sugar  (starch-sugar)  is  formed  also  in 
many  vegetables,  and  is  especially  abundant  in  fruits ; 
as,  for  example,  in  plums,  cherries,  pears,  figs,  grapes, 
&C.  The  white  coating  of  prunes  and  the  white,  sweet 
gmins  in  raisins  consist  of  it.  On  account  of  this  origin, 
sugar  of  starch  is  also  called  grape-svgar. 

If  you  taste  a  dried  granule  of  sugar  from  a  raisin, 
and  then  a  little  common  sugar,  you  will  at  once  per- 
ceive that  the  former  is  much  less  sweet  than  the  latter; 
one  ounce  of  common  sugar  has  the  same  sweetening 
capacity  as  two  ounces  and  a  half  of  gmpe-sugar.  The 
solubility  of  these  two  varieties  of  sugar  in  water  is 
likewise  very  different,  grape-sugar  dissolving  in  it 
much  less  readily  and  more  slowly  than  common  sugar* 
While  one  ounce  of  cold  water  can  dissolve  three 
ounces  of  common  sugar,  it  is  able  to  take  up  only 
two  thirds  of  an  ounce  of  grape-sugar ;  the  solution  of 
sugar  (sirup)  prepared  from  the  former  is,  accoidiii "'""  *"*** 
of  a  much  stronger  and  more  tenacious  consU 
than  that  prepared  from  grape-sugar. 

470.  Cane- Sugar.  —  Our  conunon  sugar  Ir 
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>m  those  kinda  of  sngar  just  desciibei] ;  it  u  atbei 
prepared  in  the  tfopic^  fY^gioos^  bom  ttie  joioe  of  ibe 
lugar-catie  (caijie-siigaf),  or  in  Fraoce  and  Geftnany, 
lirom  tiie  juice  of  the  beet  (beet-^ogar). 

The  opemttoiis  whefeby  thb  angar  U  obtaioej  cm  a 

sade  are  th«  foUawing:  — 
L  Exfresnng'  the  juke  from  tbe  aiigft|v»aB  or  the 
sped  pulp  of  the  beet,  either  by  stroi^^  mjaetsm^  m 
hydrostatic  pns^me- 

SL  BoUiHg'  daicn  ilie  jmce  with  tbe  addldiNi  of  lliiie^ 
D»y  which  several  foreign  enbttanoes  aie  ppccipto>rf^ 
intll  it  aequin^  tbe  eoi&isteficy  of  a  thick  stop ;  on 
leooUtig,  the  crude  sugar  la  d^KMited  iroai  It,  Id 
ilfih-ycUow  oyitaUjjje  gtaluj  {rmff  nffsr^  or  . 
i^i^ar).  The  liquid  sttgur  which  does  not  < 
Imllowed  to  dnuQ  0%  aod  fonm  th^  w^4!4cik7vb 
litre^/i  (tiioIajs»es)« 

3,  RrJ'--  '^e  raw  fogar,  that  15,  ujt  leuMJtal  ciUkm 

[brown  i^  ;idhcriiig  to  It-    TW*  it  dooe, —  i),  6y 

Ji&^lving  the  raw  fiagmr  ia  a  Iiitla  water;  ^),  hj^  A^ 

mng  the  brown      *  *    1  tfaroagh  ooarad^-groaad  aai- 

il  cbarcoal,  wJ.  uia  tb«  oolofing  nnXfiiT^  ^^ 

evaporating  tbe  darilied   aohitioB  in  raieBaiii   pfa& 

Th<*  coneimtmted  tirap  b  tben  allowed  to  eool  m 

i:l  jolds  of  a  corneal  shape,  Kiiniig  it  ft«|m%  to  A^ 

tbe  orytttalikcauon ;  a  aolid  maaa,  oonMO^g  of 

Cragni^  "  '  ^biv  tbe  aommoa  lot^B^^mt^  m 

(tv  f^m:^mm^  Bffoid  sogar  k  f^ 

Dvcd  by  Ictttog  b  *o  of  oyslal* 


vine. 
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Escperimeni. —  Dissolve  half  an  ounce  of  sugar  in  a 
quarter  of  an  ounce  of  Jiofc  water ;  the  viscous  solution 
is  called  white  sirup.  If  this  solution  is  put  in  a  cup, 
and  set  aside  in  a  warm  place,  and  evupuriited  slywly, 
the  sugar  will  separate  from  it,  crystallizing  in  obUt|ue 
Bix^sided  priBms.  In  a  similar  manner  white  caridtf  in 
preparL*d  on  a  large  scale  from  rctitied 
sugar,  brown  candy  from  mw  sugar. 
As  tiie  crystals  depusit  more  readily  on 
substances  having  a  rough  tlian  on  those 
having  a  smooth  surface,  fine  thrcada 
or  pieces  of  wood  are  stretched  across 
the  vessels  containing  the  sirups  and  they  soon  be- 
come coated  with  crystals* 

471.  Cane-sugar,  as  abeady  iitated,  has  a  rnnj  h 
sweeter  taste  than  grape-sugar  j  therefore,  when  u^cd 
as  a  sweetening  agent,  it  possesses  a  far  greater  ralae 
than  the  latter.  The  white  sugar  now  occurring  in  the 
market  in  Germany  is  frequently  found  to  U-  n  FTupusi^d 
partly  or  entirely  of  starch-sugar. 

ExpcrinienL  —  Put  into  a  test-tube  a  piece  of  cane- 
sugar,  and  into  another  some  granules  of  grape-sngar 
taken  from  a  raisin,  and  pour  over  them  strong  sml* 
phuric  acid ;  the  cane-sugar  becomes  bhick  by  gentle 
heating  (it  is  charred),  but  not  so  the  starch*sugar.  An 
opposite  reaction  takes  place  when  the  tu^o  8€Hts  of 
sngar  are  heated  with  o  solution  of  potassa;  the  grape* 
augar,  but  not  the  cane-sugar,  assumes  a  dark  rrolor* 

ExperimeTii*  —  These  two  sorts  of  sugar  may  be 
more  accumtely  distinguished  from  each  otfjcr  by  the 
copper  test.  First  mltl  to  the  solutions  of  siigur  j»omo 
drops  of  a  solution  of  blue  vitriol,  then  some  drops  of  a 
solution  of  pota^^a,  and  place  both  vcjiaclji  in  hot 
water;  the  liquid  containing  the  grape-sugar  aftsumai 
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la  a  few  minutes  a  reddieh-yellow  coltir^  while  that 
containing  the  cane-sugar  remains  blue.     The  grape- 

""Bugar  is  able  to  abstract  from  the  oxide  of  copper  half 
of  its  otygeii,  whereby  reddiah-yellow  suboxide  of  cop- 

.^per  is  farmed  {§  354) ;  caiie^ugar  is  aisso  able  to  eflect 

'thia  change^  but  not  till  after  boiling,  or  after  standing 
*eveml  days.  The  sugar  is  converted  by  the  oxygen 
taken  up  into  an  entirely  new  snbatance,  called  formic 
acid.  Grape-sngtir  may  be  distinctly  recognized  by 
this  test,  even  in  an  extremely  dilnted  solution. 

472,  Liquid  Sugar.  —  By  this  very  indefinite  name 
aie  commonly  designated  all  those  kinds  of  sugar 
which  do  not  yield  on  evaporation  a  solid  crystalline 
or  granidar,  but  a  vitreoua  amorphous  mass^  which  on 
exposure  to  the  air  again  attracts  water,  and  deliques- 
i*e9.  This  kind  of  sugar  id  commonly  called  sirup  and 
molasses. 

473*  Sugar  of  milk  is  that  particular  kind  of  sugar 
which  occurs  in  milk,  and  imparts  to  it  its  agreeable 
gweetish  taste-  It  is  obtained  in  hard,  white,  crystal- 
line masses,  by  evaporating  the  sweet  wbey,  Bugar  of 
oiilk  IS  much  less  sweet  to  the  taste  than  grape-sugar, 
and  requires  six  parts  of  cold  water  for  its  solution.  It 
is  well  known  that  milk  becomes  sour  by  standing  for 

^lomc  days;  this  is  owing  to  the  sugar  of  milk  being 
gradually  converted  into  a  peculiar  acid,  called  lactic 
acid. 

474t  Mmmte  is  a  substance  resembling  sugar,  consti- 
tuting the  principal  part  of  maana  (the  concrete  sweet 
of  some  species  of  the  Esh,  growing  principaUy  in 

r). 
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CEANGES    Of    SUGAE* 

47o,  a.)   Ch(U}^e  bi/  IJmL  —  ErpermaU.  —  Boil  in  a 
•  dish  half  an  otiiice  of  augur  with  ouc  dram  of  wiiler, 
uutil  the  viscous  solation  begins  to  aumms  a  yeltawidh 
■  tinge  ^  then  pour  it  upon  a  plate  prevtou.'^ly  smeared 
^with  a  little  olive-oiL     Th«  tra  as  pare  lit  britUe  ina^s  h 
melted  sugar  in  an  anwrphous  state  (barley -sugar  or 
^tojilmm}.      The  sugai  is  iirsi  dissulveil  by  water;  on 
'  boiling,  Uie  water  is  again  evaporated,  ajid  the  &agar 
passes  gradually  from  the  dissolved  to  the  melted  state. 
The  yellowish  color  indicates  that  all  the  water  has 
passed  off,  and  that  the  sugar  is  on  the  point  of  becom- 
ing bnrnc. 

If  the  transparent  sugar  is  kept  for  sorae  weeks,  it 
becomes  opaque  and  erystailine,  when  it  can  easily  be 
broken  up  and  finely  comminuted.  There  is  a  scientiiie 
itcresfc  in  this,  as  it  eieady  fdibrds  another  illuBtmtion 
h{^  280)  of  tl*e  facts  that,  even  in  a  solid  ^tatCj  the  &iTiaU> 
e^t  particles  of  sugar  (its  atoms)  can  change  their  sit* 
uaf  ion  with  respret  to  each  otherp 

J:u'penmetU.  —  Rej^at   the   former  experiment,  but 

without  stopping  the  heating  on  the  appearance  of  the 

yellow  color;  tl(<  "  darker,  until  it  tin  idly 

rttttains  a  brown i  ^   uid  will  exhale  at  the 

Bame  time  a  peculiar  empynmmatic  odor.     On  ooollng, 

pit  18  obtained  a^  a  hard,  alnioat  black  mass,  which  soon 

leliqitrm^es  in   tlie  air,  forming  a  dark  simp,  and   is 

called  burtU  sugar  or  carafmL     A  couphs  of  drops  of  it 

ipart  to  a  lar^e  vessel   filled   with  water  the  appear- 

Inee  of  Jamaica  rum.     On  account  of  it«  dtjong  color* 

tIfeV  propertie:^,  burnt  augar  is  ituicii  iiM;d  for  imparting 

to  liquors — ^  vinegar,  alc^hol^  Aw:. — a  yellow  or  bfowti 

color. 
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ExpenmtnL  —  When  exposed  to  a  stiti  stmnger  beat, 
fthc  sngar  becomes  charrpcl,  and  li unify  boms  up  tlks 
t'iK>flt  '\%  may  L-at*iIy  be  seen  by  holding  a  piece  of  it 
\<m  a  platinum  foil  over  an  alcohol  ilame.  The  flame 
indicates  also  ihat  inflamniable 
gases  are  evolved,  Pufe  sugar 
leaves  no  residue.  If  it  coo* 
tains  lime,  white  ashes  Tefaain 
behind  apon  the  foil,  which  do 
not  volatBlze  frven  at  the  strong* 
eat  heat 

476.  h.)  Change  by  Adds.  —  Experiment.  — U  you 
add  a  few  drops  of  lemon-jiiice,  or  a  little  tartaiic  acid, 
to  II  thick,  boilin  '  'on  of  sagar^  it  immediately  be- 
eomrs  a  thin  Utir  .  *h  doe«  not  crystallize  on  evap- 

omtion  t  thnj«  is  explained  why  the  sweet  juices  of  fruitSp 
in  which  organic  adds  arc  ahvay  t,  do  not  yield. 


on  being  boiird  down,  a  solid 


a  only  a  thick 


sifiip.  If  you  tttM  the  .•solution  of  sugar  as  directed  in 
Ihc  copper  test  (§471),  you  wiU  find  that  it  now  eoil- 
tain.**  grape-sugar ;  cane-sugar  i»  therefore  converted  by 
boiling  with  organic  acids  into  ^ape-sugar.  Thhi  met- 
ftm»  Tj*  prodneed  abo  in  various  other  ways,  as 

ky  r  ^  longed  boiling  of  the  solationa  of  engar^  by 
boiling  them  with  diluted  sulphuric  acid,  by  fefmenta* 
^  '  ^  boiled  for  a  long  tijnc  with  dilated 

^  idly  passes  into  a  bfown  substance, 

res<:mbliftg  humu^.  When  boOcd  witli  nitric  or  other 
acid^^  V  ' '  it  ojtidi3Ee»  first  into  «ae- 

ebaric  a  add,  and  finally  into  car- 

bonic acid  and  water. 


I 


Sngar,  it- 


it  were  an  acid,  uin  cuinUitu: 


fixed  proper: ith  oxide  of  lead,  llrnc. 

other  budes ;  but  it  thereby  loses  Ita  ^ 

4r 
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BETROSFECT  07  THE  TEGETABLE  MATTER  UITUKKTO 
C0N8IDEBED  (VEGETABLE  TISSUE^  STARCH.  GUM, 
MUCUS,  AND  SUGAR). 

1.  Or^omc  miitoncei  are  snch  chemical  combinations 
as  are  formed  in  animals  and  vegetables  daring  life. 

2.  But  we  also  designate  by  this  term  those  chemical 
combinations  which  are  formed  from  animal  and  vege- 
table matter,  whether  they  are  transformed  with  cnr 
without  artificial  assistance  (products). 

3.  Organic  matter  undergoes  decomposition  with  re- 
markable  facUUy.    We  observe  such  changes,  — 

a.)  In  living  animals  and  plants  (germination,  ripen- 
ing, &C.,  —  respiration,  digestion,  &c.). 

b.)  In  dead  animals  and  vegetables  (fermentation, 
putrefaction,  decay,  &c.). 

c.)  In  the  decay  of  animal  and  vegetable  matter 
(charring,  burning,  &c.). 

d.)  In  the  treatment  of  organic  substances  with  acids, 
bases,  &c. 

4.  In  all  these  changes,  the  form  only  of  the  organic 
body  disappears;  the  elements  of  which  they  consist 
are  unchangeable ;  they  vanish  from  our  sight  only  be- 
cause they  assume  an  aeriforni  shape. 

5.  We  have  not  yet  succeeded  (with  a  few  unim- 
portant exceptions)  in  preparing  and  imiUUinff  the  or- 
ganic combinations  by  putting  together  their  constit^ 
uent  parts ;  we  are  only  able  to  decompose  them,  and  to 
convert  the  elements  into  new  bodies. 

6.  The  four  organogens,  oxygen,  hydrogen,  carbon, 
and  nitrogen,  are  the  principal  constituents  (the  ele- 
mentaiy  constituents)  of  all  that  lives  and  has  ever 
lived.  A  few  inorganic  substances  only  are  added  to 
them,  as  sulphur,  phosphorus,  potassium,  calcium,  &o. 


^^Ftu 


7,  These  four  organogejis  have  the  povp&r  of  ecMn* 
blnlng  ia  an  unlimiicd  inaiiDrr  with  eoch  otlter,  aiic^ 
indeed  t  not  only  with  each  other,  hot  also  with  many 
inorganic  substances;  the  number  of  the  orgamo  eom- 
binatioas  Is  thrrrfure  almost  infinite, 

a  Thuit,  since  the  diiference  of  organic  matter 
nott  as  in  inorganie  substances,  conabt  in  the 
of  the  eonstiluentSj  so  the  cause  of  tiuB  differeoee  ; 
be  sought  fur  in  the  varied  jtixtapoaitiOQ  or  gran^mif 
of  tbeso  constitUGnts  (compound  radicaU^ 

9.  Vegetable  ihs^ie,  starchy  guw^mnems^  and  sugm"  aie 
ainong  ibc  most  widely  diffused  of  the  gionps  of  alonw 
(or  proximate  eonstituents)  occnmng  in  the  vegetable 
kingdom.     They  are  present  in  all  plants. 

10.  They  have  neither  acid  nor  basic  properties,  atid 
are  therefore  calied  imliffertnl  vegetable  bcxiies. 

IL  There  is  a  very  great  simihirity  in  tbdr  cCMisti- 
tion  \  Damely,  they  coaiist  of  only  three  ebmeolii 
carbon^  hj^dro^enf  and  ojq/^em  (Uiey  are  non-azotizied) ; 
andf  moieoveri  they  contain  oxygen  and  hydrogen  al- 
ways in  the  same  proportums  a$  in  tpaier^  namely »  in 
vqunl  atoms- 

12.  These  (our  ptvx'wii-i'y  vi^n-uvi'  i^r  nf  fl:»^  v^ire- 
tahle kingdom  form  a i'/«>^'j'^i/  f/^-r'..^.r..t  ^y  '^i.  ..>..  i  w.» 
etabk  food;  they  perfornit  accordingiyi  a  very  impor^ 
taut  part  in  the  process  of  ammal  life. 
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V,   ALBUMINOUS   SUBSTANCES   (Aeotized 
AND  Sulphurized  SuBsxAh-cEs). 

ALBUMEN,    CASEmE,    A^H)    GLUTEN, 

477,  Under  the  head  of  Vegetable  Tissue,  when 
speaking  of  the  preparation  of  starch,  it  has  aln*itdy 
been  shown  what  is  to  be  understood  by  vegetable  al* 
bumen^  caseine,  and  gluten,  and  that  all  plants  contnio 
in  their  juice  one  or  more  of  these  azotized  subutaneea* 
Vegetable  allmmen  is  Boluble  in  water,  but  is  rcndeit»d 
insoluble  by  boUbig  (it  coaguJateti),  It  is  found  paitie* 
ularJy  abtindant  in  culinary  plants  and  in  oily  seeds, 
as  in  almonds,  rape-seed,  flax*seed,  poppy  seeds,  &«. 

Vegeiable  caseine  is  like%vise  soluble  in  watcar,  yoi  it 
docs  not  coagulate  by  heat,  though  it  does  by  adding 
an  acid  to  a  solution  of  if-  The  leguminotis  plantfl, 
iuch  as  peasj  beans^  lentils,  &e,,  are  very  rich  in  iL 

Gluttn  (vegetable  fi brine)  is  insoluble  in  wuter,  and 
forms  an  essetitial  part  of  wheat. 

ExptrimenL  —  A<ld  to  one  dram  of  bruised  peaa  half 
a  dram  of  caustic  potassa  and  one  ounce  of  water,  and 
boil  the  mixture  till  a  drop  of  the  liquid  caused  a  brown 
spot  on  lead-paper  (paper  which  has  been  r     '  *    i-d 

r'^nth  a  solution  of  sugar  of  lead).     The  dark  .  c>* 

duced  on  the  lead-paper  is  owing  to  the  formatiun  of 

1  aulphuret  of  lead :  it  Indicates  that  sulphur  from  the  peaa 

'bas  been  rendered  soluble  by  the  potassa.  By  now 
adding  a  few  drops  of  sulphuric  or  muriatic  acid  to  the 
liquid,  the  presence  of  the  sulphur  ako  makes  itself 
known  by  the  smell,  since  sulphuretted  hydrogen  gas  is 
evolved  (§  213).  Vegetable  albumen  and  gluten,  when 
tlius  tnmtcd,  give  rise  to  the  same  i  V  The 

I  tarnisklng  of  silver  spoons  on  rcmaiii    ^  -j  tima_ 


fn  hoilr^d  peas,  &c.,  h  now  Bimfrfy  explained,  as  su]» 
phurct  of  silvur  Ima  bcrn  formed  on  the  surface.  Veg- 
etable albumen  (likewise  unimul  albumen)  coiitainti, 
bei*idcs§  sulphur,  a  small  quantity  of  phos>phorua, 

The  albmnhious  subst^inct!!*  have  also  been  called 
prolcine  gubatancea^  because  it  was  assumed  that  a 
eoinniou  fundamental  body  (an  organic  radieal)  was 
coutained  Jjx  them,  to  which  the  name  prokinc  was 
given* 

478*  It  has  been  ascertained  by  careful  experiments^ 
that  the  chief  proximate  coostituenta  of  animal  matter 
have  the  same  eonstituUon  as  the  albuminous  substan^ 
ces  of  the  vegetable  kingdom,  and  this  has  led  to  the 
conclasion,  that  the  component  parts  of  the  bodies  ol 
those  animals  whose  food  consists  entirely  of  vegeta- 
bles  arc  derived  from  these  albuminous  substaacea. 
This  conclusion  is  most  fidly  confirmed  by  the  consti- 
tution of  the  blood,  the  component  parts  of  which  art 
nibuminous  matter  (albumen  and  animal  fibrine).  Now, 
as  the  blood  is  the  medium  of  nourishment,  the  blood 
being  first  formed  from  the  food,  and  afterwards  all  the 
other  parts  of  the  animal  body  from  the  blood,  so  we 
may  fairly  infer  I  hat  from  the  albumen,  caseine,  and 
gluten  which  we  receive  in  the  fomi  of  bread,  peas,  &c*, 
the  albuminous  substances  of  the  blood  are  formed, 
and  from  these  the  other  ])arts  of  tlie  body.  For  this 
reason,  articles  of  food  are  esteemed  nutritive  nearly 
in  proportioo  to  the  amount  of  nitrogeu  they  contain, 


CHANGE  OF  ALBUMDfOUS  SUBSTANCES  BY  DECAY 
ASB   PUTREFACTION. 

479.    Formation    of  Ajumanifi.  ^~  ErperimenU  —  Put 
%tm  gluten,,  some  coarse  meal)  or  some  peas»  into  a 
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flask,  pour  in  some  water,  and  connect  the  flask  by 

[tneans  of  a  glass  tube  with  a  second  flask,  filled  abotji 

[mn  inch  deep  ivith  water,  and  let  them  remain  in  a 

imoderately  warjti  place.     Insert,  also^  between  the  cork 

and  the  neck  of  the  first  flask,  a  strip  of  lead -pa  per,  in 

such  a  manner  that  part  of  it  shall  hang  domm  into  the 

,  flask-     The  following  changes  will  be  observed  to  take 

place,  more  rapidly  at  a  warm,  more  slowly  at  a  oold 

temperature :  — 

a*)  Bubbles  of  gas  escape  from  the  glass  tube  into  tlie 
I  eecond  flask ;  they  consist  of  carlfonic  acid  (and  some 
fliydrogenlj  as  may  be  seen  by  the  turbidne^s  which 
follows  on  the  addition  of  lime-water. 

b.)  The  lead- pa  per  is  colored  dark,  a  sign  of  suiphurct' 
lied  hydrogen  being  generated. 

c*)  A  pungent  smell  of  ammonia  is  evolved  from  the 
liquid  standing  over  the  gluten,  when  it  is  heated  with 
I  lime  or  pota^sa;  consequently  ammonia  has  al^o*  beea 
[formed. 

If  we  compare  this  process  of  decomposition  vdih 
[that  which  takes  place  on  the  putrefaction  of  non-azo- 
tized  substances  (§445),  we  shall  observe  tbe  following 
[principal  difference  in  the  result:  —  On  the  putrefaction 
{of  albuminous  substances^  their  nitrogen  and  sulphur  {ami 
plLOsphonis)  combifte  with  hydrogen^  forming'  ammonia 
and   sidphuretled  hydrogen  (and  phosjjhufctted  hydm- 
gen).    These  aeriform  substances  are  the  chief  cause  of 
the  very  disagreeable  odor  which  is  given  off  during  the 
decay  or  putrefaction  of  azotizcd  substancesj  ^~  for  in- 
stance^ animal  substances.     During  the  progress  of  this 
decomposition,  there  is  formed  also,  as  in  ligneous  fibre^ 
a  brown  substance  resembling  humus^ 

However  disgnstiug  maybe  the  products  of  putreXac* 
^iiou  and  decay,  they  nevertheless  contain  within  thena* 


the  gtrm  of  the  mont  beautiful  com  pound  a  j  the 
niost  beautiful  iilriiits  arke  from  such  products  uf  de- 
cay. Iiidcedj  ihe  most  nauBeous^smelliug  decaying 
nzotizcd  substances  are  the  most  powerful  means  of 
rendi  ring  our  fields  and  gardens  fertile  (the  best  ma- 
nures). 

480.  Fi^rviatmn  of  Nilre,  —  Mtpcrinwnt^  —  Mix  some 
(lax'Bccd  iriertl  with  vvooti-ashes,  sand^  and  liiaej  and  let 
tliia  mixture  remain  exposed  to  the  air  for  several 
months  in  the  aummcr  mmon^  frequently  moistening  it 
with  wiLter,  and  stirring  it.  If  the  mixture  is  then 
treated  with  hot  water,  and  the  solution  evaporated, 
prismatic  crystals  will  be  fonncd  from  ilie  latter  m\ 
cooling,  which  will  detonate  smartly  when  thrown  upon 
glowing  coala;  they  consist  q(  nitre  (§tl07). 

Here,  also,  ammonia  is  in  the  first  place  formed 
from  the  nitrogen  of  the  vegetable  albumeni,  present  in 
great  abundance  in  the  Hax-secd  rncal ;  but  it  is  induced 
by  the  predisposing  iallueiice  of  the  strong  base  to  un- 
dergo still  further  putrefaction,  that  is,  to  attract  oxygen 
from  tlic  air,  whereby  water  is  formed  from  it^  hytlro- 
gen,  and  nitric  acid  fri>m  ita  nitrogen,  the  latter  of 
which  combines  with  the  potassa  and  Ume. 

From  ammonia  s=     N         Hj 
and  oxygen  ^     O,         Oj 

arc  fonncd  nitric  acid  and  water  ^^  N  O,  +  3  H  O. 

Tn  a  similar  innnner  nitre  is  often  generated  in  arable 
landj  whence  it  passes  into  the  juice  of  plants;  thus  it 
is  known  that  bcet^  and  tobacco  growing  upon  very 
s*trong]y  manured  sotl^  and  also  tho,se  rank  plants  grow* 
ing  on  manure-Jieapfl,  such  as  henbane,  thorn-apples, 
&a,  are  fretpiently  so  rich  in  nitre^  that  when  dried 
they  emit  sparks,  if  burnt  on  chorcoal 

481.  The  extraordinary  facility  with  ^'U\gV  ^!&rais:^* 
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noQs  substances  undergo  decan^sUUmj  when  tbey  are 
exposed  to  the  air  in  the  moist  state,  is  explained  very 
simply  by  the  fact  that  they  contain  five,  indeed,  six  ele- 
ments, and  always  several  atoms  of  each,  as  component 
parts  (§§  425,  429).  If  during  their  decomposition  they 
come  in  contact  with  non-azotized  substances,  these  al- 
so are  induced  to  enter  into  decomposition, —  they  are, 
as  it  were,  infected*  There  follows  in  this  connection 
that  important  change  w^hich  sugur  experiences  when  it 
is  brought  in  contact  with  albuminous  substances  in  a 
state  of  decomposition.  This  metamorphosis,  known 
under  the  name  of  spirituous  fermentation,  will  be  more 
particularly  considered  in  the  following  pages. 

BETROSPECT  OF  THE  ALBUMINOUS  SUBSTANCES  (AL- 
BUMEN, CASEINE,   GLUTEN). 

1.  The  albuminous  substances  are  characterized  by 
containing,  not  only  carbon,  oxygen,  and  hydrogen,  but 
also  nilrt^en  and  sulphur. 

2.  On  account  of  this  complex  nature,  they  are  decomr 
posed  with  the  greatest  ease  (fermentation,  putrefaction, 
decay). 

3.  If  while  they  are  decomposing  they  come  in  con- 
tact with  other  organic  substances,  they  cause  these 
also  to  enter  into  fermentation,  decay,  putrefaction,  &c 

4.  All  vegetables  contain,  though  not  always  in  great 
quantity,  one  of  these  substances ;  from  this  universal 
diffusion,  we  infer  that  it  has  an  important  office  to  dis- 
charge; 

5.  Which  office  consists  undoubtedly  in  this,  that 
by  means  of  it  the  growth  and  nourishment  of  plants 
may  be  brought  about 


Fic.ia& 
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VL    CONVERSION  OP   SUGAR  INTO  ALCO- 
HOL (Alcoholic  FEEJiiENTATioN). 

489*  Experiment — Half  an  otince  of  honey  k  dis- 
solved in  four  ounces  of  water,  and  some  of  the  gluten 
or  caseine  from  experiment  §  479,  in  a  state  of  deconn- 
position,  is  added  to  it;  the  liquid  is  then  put  in  a 
moderately  warm  place  (18"^  to  24^  C*)^  when  it  soon 
ent4^ra  into  fermentation,  with  tlie  evolution  of  a  large 
quantity  of  gas.     If  you  perform  the  experiment  in  a 

flaslc  furnished  with  a 
bent  glass  tube,  one  end 
of  which  is  passed  under 
a  second  flaskj  filled  with 
water,  which  is  invert- 
ed over  the  pnenmutie 
trough,  the  gas  may  eai?i- 
ly  be  collected ;  it  consists 
of  carbonic  acid.  If  the  liquid  still  retains  a  sweet  taste 
fter  the  evolution  of  the  gas  has  ceasted,  then  add  an- 
iier  portion  of  the  gluten  to  it,  whereby  the  fcrmenta' 
tion  is  ngtiin  renewed.  Finally,  all  the  saecliarine  taste 
will  have  disappeared,  and  the  liquid  will  have  ac- 
quired a  epirituous  fla%"ori  The  fermetitcd  liquor  is 
called  meihegiin;  instead  of  sugar  it  contains  alcohol^ 
and  this  is  the  reason  of  its  Lntoxieatlng  effect  A  por- 
tion of  the  gluten  is  found  at  the  bottom  of  the  vessel, 
eunvcrted  into  a  brownish  residue. 

All  albuminous  niatter  in  a  state  of  decomposition, 
as,  for  instance,  old  cheese,  putrefying  llcsh,  blood,  &c., 
acts  like  putrefying  gluten;  but  the  substaneo  which 
possesses  this  fermenting  power  in  the  highest  degri*e  is 
Uie  altered  gluten  of  barley,  obtauicA  vii  ^e^^^  ij^^^xv 
42 
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ilty  as  a  secondary  product  in  the  brewing  of  beer  (§niw 
face  yeast,  or  brewer's  yeast).  All  f^ubstances  whkh 
are  able  to  excite  fermentation  in  solutions  of  sugar  are 
designated  by  the  term  ferment*  Surface  yeast  (§  488) 
is  accordingly  the  most  powerful  ferment, 

E^eriment,  —  Repeat  the  former  experiment^  adding, 
instead  of  the  gluten,  a  teaspoonfnl  of  yeast  to  the 
honey-water  j  the  process  of  fermentation  will  now  pro* 
ceed  much  more  rapidly  and  regularly, 

483.  The  change  which  tlie  sugar  experiences  during 
thia  process  may  be  rendered  very  intelligible  by  com- 
paring together  the  formulas  of  sugar,  alcobol|  and  ca^ 
bonie  acid. 

1  atom  of  honey  or  grape-sugar  consists  of  Q  0|  Hi ; 
fcom  this  are  formed  1  atom  of  alcohol  ^  C«  Og  H,» 

and  2  atoms  of  carbonic  acid  ^  C^  O4  ^2C0p 
Alcohol   and   carbonic   acid,   added  together,   yield 
again  the  constituents  of  sugar.     Thu^  sti^ur  is  resolved 
by  fermenialwn  into  alcohol  and  carbonic  acid* 


Fif.  im. 


(M-^^^ii,^'^ 


Gmpi  mpr. 


Alcohol. 


Caflioatc  *d4. 


'Both  substances  did  not  previously  exist  in  the  sngart 
but  they  are  new  products  of  a  peculiar  decompodtiOQ 
of  the  sugar,  —  peculiar  for  this  reason,  that  they  are 
exclusively  made  up  of  the  elements  of  the  sugar, 
without  any  thing  being  either  subtracted  from  it  or 
added  to  it-  The  ferment  works  also  in  the  same 
culiar  manner ;  it  induces  a  decomposition  of  the  sui 
yet  without  combining  with  the  sugaTi  taking  any 
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thing  from  it,  or  giving  any  thing  to  it;  its  mode  of 
©pemtlon  is  analogou?*  to  that  of  sulphuric  acid,  when 
the  hlioT  converts  starch  into  sugar  (§  459),  The  ac- 
tion of  the  fernieitt^  however,  differs  from  that  of  sul- 
phuric  acid  just  alluded  to,  since  tlie  ferment  itself  does 
remain  unchajiged,  but  h  also  decomposed  daring 
ft^rmcntation.  Accordingly,  two  eorts  of  chtiugci 
are  going  on  by  the  side  of  each  other  in  the  fermenting 
liquids; — 1.)  that  of  the  azotized  ferment;  2,)  that  of 
the  non-azotized  sugar*  The  ferment  always  commen- 
ces the  changCj  which  is  continued  in  the  sugar,  as  if 

rilie  latter  were  infected.  The  process  is  very  similar 
to  what  occurs  in  the  case  of  a  frcsjj  apple,  which  be* 
gins  to  rot  on  coming  in  contact  with  one  already  in 
the  act  of  rotting* 

Experiment.  —  Instead  of  honey,  take  a  solution  of 
white  sugar^  and  add  some  yeast  to  it;  in  this  case  the 

^ Xennentuiion  wiU  not  take  place  so  soon,  since  the  cane- 
fiugtir  must  pass  into  grape-sugar  before  jtg  decom* 
position  into  alcohol  and  carbonic  acid  can  commence. 
This  transition  takes  place  dimply  by  the  addition  of 
one  atom  of  water;  for  if  one  atom  of  water  is  added 
to  the  eane-sugar,  =  C^  Mo  Oj,  tliere  i^  formed  Ci  H«  O,, 
or  gnipc*stigar. 


I 


WD^ 


484.  All  sweet  ve^Habh  jukes  pa?s  sponlamausl^ 
into  fermentation  without  the  necessity  of  adding  to 
them  a  ferment,  because  they  always  ©ontaiu  sugar  and 
one  of  the  albuminoiis  substances,  as  albumen^  caseinCi 
or  gluten, 

MxperinwnL  —  Submit  freshly  expressed  bect-juicc  to 
a  temperature  of  about  20^  or  2^^  C;  the  juioa  i^iJ 
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8€x>n  efferresoe,  deposit  a  sediment,  and  be  oonTerted 
into  a  spiritnoos  liquid  (beet-wine). 

In  the  same  manner  cnirant  and  goosebeny  wines 
are  jHepared  finom  currants  and  gooseberries,  cider  fitom 
apples,  the  so-called  cheny-water  by  fermenting  and 
afterwards  distilling  the  cheny-jnioe,  mm  by  ferment- 
ing and  afterwards  distilling  tiie  juice  of  the  sngar* 
cane,  Ace 

The  most  common  of  all  the  fermentations  of  this 
kind  is  the  fermentation  of  the  grape-jnice,  wine  being 
the  result.  In  order  to  prepare  clear  wine,  the  grapes 
aie  pressed,  the  jaice  (musi)  is  ponred  into  vats  and  al- 
lowed to  remain  in  them  in  the  cellar,  where,  as  the 
temperature  is  tolerably  low,  the  fermeDtation  proceeds 
so  slowly  that  it  is  not  completed  until  after  some 
nioQths.  The  young  wine  is  racked  off  from  the  lees, 
and  poured  into  fresh  vats  ;  it  still  contains  a  small 
quantity  of  sugar  and  albuminous  matter,  which  are 
both  gradually  converted,  the  former  into  alcohol  and 
carbonic  acid,  the  latter  into  lees  {after  fermentation). 
In  the  manufactuie  of  red  mne^  the  purple  grapes  are 
bruised,  and  then  fermented,  together  with  their  skins 
and  stalks ;  a  red  coloring  matter  is  extracted  from  the 
skins,  and  tannin  from  the  stalks  and  seeds,  the  tannin 
imparting  to  this  species  of  wine  its  favorite  astringent 
taste.  Sfhirkling'  wine  (Champagne)  is  made  by  letting 
the  fermentation  proceed  in  corked-up  botties,  whereby 
the  carbonic  acid  formed  is  retained  in  the  wne. 

4S5.  The  grapes  growing  in  northern  countries^  for 
instance,  in  Germany,  contain  proportionably  more 
albuminous  matter  and  tartar  than  sugar,  which  ac- 
counts for  the  didference  in  the  smell  and  taste  of  wine. 
The  tasiB  of  the  German  wines  is  not  sweet,  because 
DOS  substances  present  are  more  than  suffi- 
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cient  to  decompose  all  the  sugar ;  the  odor  {the  flower 
or  the  bouquet)  is  peculiarly  pleasant,  because,  the  tartar 
being  abundant^  there  Is  generated  during  the  fermen- 
tation a  volatile  substanee  {mnanlhic  cther)^  whieh  pas* 
gesses  a  very  agreeable  odor. 

It  13  different  with  the  grapes  of  the  more  southern 
countries f  as  Greece,  Spalui  Portugal,  Sec  Ilerej  in 
consequence  of  the  higher  temperature,  the  grapes  are 
richer  in  sugar,  but  poorer  in  tartar  and  albuminous 
matter*  In  this  case  the  latter  aubstnnce  is  not  suffi- 
eient  to  effect  the  decomposition  of  all  the  sugar  during 
the  fermentation,  so  that  a  part  of  the  sugar  remains 
undecoraposed,  and  gives  to  the  wine  a  sweet  taste. 
Neither  is  any  cenanthie  etiier  generated,  since  the  due 
quantity  of  tartar  is  wanting;  consequently  these  wines 
possess  no  bouquet* 
486*  E^perimeM,  ^-  If  some  wiue  is  put  into  a  retort, 

and  subjected  to 
distillation  at  a 
moderate  heat,  at 
first  the  more 
volatile  alcohol, 
together  with  the 
cBnanthic  ether, 
will  pass  over. 
A  very  agreeable 
smelling  spirit  is 
thus  obtained,  known  in  coranierce  under  the  name  of 
Ch^nac^  or  French  brandy.  In  the  wine  eoantries,  the 
lees  remaimng  aft^T  the  wine  is  racked  off  are  general- 
ly used  for  this  purpose,  since,  in  the  swollen,  pap-like 
state  into  which  they  settle  in  the  vats,  they  retain  me* 
chaiiically  a  large  quantity  of  wine 

42» 
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4?7.  Nezs  to  "cise.  6^^ r  and  bramdjf  are  the  moat  im- 
porr&m  ferciecifd  Ilqncrs.  The  manofactore  of  them 
dlftTs  esiendillj  troci  that  of  wine  in  this  respect; 
tba:  znaierl^  are  en:ployed  which  contain  no  sugar 
alreiij  formed,  be:  instead  of  it  siardkj  soch  as  baziey, 
whea*^  rve.  potaioes.  jcc  Siarch  cannot,  like  sogar,  be 
R?*olTed  directir  into  alcohol  and  carbonic  acid;  and, 
wh^n  emploved  in  the  manafactore  of  alcohol,  it  must 
pr&Tiou^Iy  be  converted  into  sugar.  This,  in  the  pres- 
ent case,  is  always  ejected  by  the  Higgtsmp  of  the  bar- 
ley^nait  in  the  so-cailcd  mashing  process  of  the  brewers 
and  brandy-distillers  (j  461). 

Experiment,  —  Pour  a  mixture  of  an  ounce  and  a 
half  of  cold  water  and  two  ounces  of  boiling  water 
upon  bajf  an  ounce  of  bruised  malt,  and  set  it  aside  for 
some  hours  in  a  warm  place,  where  it  will  reach  a  tem- 
perature of  about  65-  or  75"  C;  a  sweet  liquid  is 
thus  obtained,  composed,  not  only  of  dextrine  and  sugar, 
but  containing  also  the  gluten,  thereby  rendered  soluble, 
which  was  present  in  the  malt.  The  brewer  calls  this 
liquid  the  wort.  Strain  it  with  pressure  through  a 
cloth,  and  boil  the  liquid  for  some  time,  until  it  becomes 
clear  and  transparent ;  then  let  it  cool  to  30^  C,  and  add 
to  it  a  teaspoonful  of  yeast ;  it  will  soon  begin  to  fer- 
ment, and  after  some  days  will  clarify  again ;  the  clear^ 
fermented  liquor  is  beer.  This  is  the  mode  of  making 
the  Berlin  white  at  pale  beer^  which  is  not  bitter.  If 
during  t^  some  hops  (female  flowers  of  the  hop- 

vine)  9  he  wort,  an  aromatic  bitter  substance 

la  cl<  lem  {lupulin),  which  not  only  imparts 

\f  ant  and  bitter  taste,  but  also  a  gieat- 
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488.  What  m  particularly  remarkable  in  the  above 
fermentation  (superficial  fcrmentaUon)  is  the  great  quan- 
tity of  yeast  that  separates.  It  proceeds  from  the  glu* 
ten  of  the  barlt!y,  whieh  is  dissolved  during  the  mashing 
process,  but  in  the  course  of  the  fenuetitatiou  is  again 
precipitated  as  iosoluble  yeast.  This  is  ealled  surface 
pcastf  it  being  raised  to  the  eurfaee  in  consequence 
of  the  great  evolution  of  carbonic  acid,  and  when 
the  vats  are  full,  it  is  caused  to  pass  out  through  the 
bungholej  it  is  the  best  ferment,  and  the  quantity  ob- 
tained in  the  last  experiment  is  sufCcient  to  bring  to 
complete  fermentation  the  wort  of  a  whole  pound  of 
malt  Its  power  of  exciting  fermentation  is  destroyed 
when  it  is  rendered  quite  dry^  or  when  it  is  boiled,  o? 
very  finely  triturated;  and  likewise  by  mixing  antidep- 
tic  substances  with  it,  as,  for  instance,  aloo' 
hol»  pyroligneoUB  acid,  aulphuious  acid,  vola- 
tile oils,  &c.  This  yeast,  when  examined 
through  the  microscope,  has  exactly  the 
fonn  of  simple  vegetable  cells  (a) ;  and  their 
increase  in  the  wort  take^  place  in  tlic  same 
'manner  as  in  the  most  simple  plants,  new  cells  or  buda 
developing  themselves  on  each  globule  of  the  old  yeast 
These  globules  are  hollow,  filled  with  an  azotized 
liquid,  to  which  is  to  be  ascribed  the  power  of  the 
yeast  to  excite  fermentation. 

New  heer  holds,  also,  some  sugar  and  gluten  in  solu- 
tion;  therefore^  like  wine,  it  undergoes,  when  kept,  a 
second  slight  fermentation  {afier-fermetUaihn).  If  this 
is  allowed  to  take  place  in  well-stoppod  bottles,  so  that 
the  carbonic  acid  cannot  escape,  a  foaming  beer  [botlkd 
beer)  is  obtainedi  in  the  same  way  as  in  the  manufae- 
tuie  of  sparkling  Champagne. 

i  Beparated,  even  by  the 
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ond  ferraentation,  and  hence  the  opper  ferinenfing 
(ligbt)  beer  undergoes  a  still  fuftlier  change  on  being 
exposed  to  the  air;  it  is  the  alcohol,  however,  which  ift 
now  altered  by  the  albuminous  matl^  undergoing  de- 
composition; it  passes  into  vinegar,  and  the  beer  be- 
comes acid. 

489i  E:rperimenL^  Repent  the  former  experiment, 
but  cool  the  wort  below  10^  C,  before  adding  the  yeasi;, 
and  then  let  the  liquid  remain  in  a  cool  place;  a  very 
gradual  fermentation  takes  place,  which  will  not  ho 
concloded  for  several  weeks,  perhaps  even  montliH. 
During  this  process,  the  carbonic  acid  is  evolved  in  veiy 
small  bubbles,  and  the  yeast  settles  at  the  btUtam  of 
the  vessel  (sedimefU  fermcrU^  liotlom  yetist)*  The  beer 
thus  prepared  coutaius  scarcely  a  trace  of  gluten  of 
yeasty  and  therefore  can  ba  kept  for  years  without  be- 
coming sour;  it  is,  moreover,  richer  in  carboaie  ncid 
than  that  obtmned  by  the  superficial  fermentation  pro* 
ceesj  because  at  the  lower  tamperature,  and  by  the  more 
gradual  elimination  of  carbotnc  acid  gas,  it  was  able  to 
retain  more  of  it  The  stronger  kind^s  of  beer  {Bavmian 
beer,  simng^  beer^  &€♦)  arc  made  in  thia  way.  Tlic  thick 
bottom  yeast,  separating  during  thi^  process,  acts  in- 
deed as  an  exciter  of  fermentation  upon  the  sugar,  but 
far  more  slowly  and  gently  than  the  frothy  anrfaee  yeast! 

490.  The  peculiarities  oC  ilio  two  niethoda  of  fermen- 
tation may  be  ehieidated  as  follows  :  — 


Sirfft€«  Ffrmnttittitm 

lt.y  take*  (*liw.*e  rwpultj  (iii  tlinjfl  or 

fotjr  diti-s) : 
e)  in  I  I 

d.)  tus  ■ 

Air. 


Bottom  FeriHCtttati^m 

at    a    lowvr    tcmpi!rafiii« 
ilawlj  (in  nx  or  Qi(£iit  weeki}. 


(»* 


i*  fjDoljr  dh'tdod 


in  thit  ctfc  tliomugb  icpanitioQ  of 
liuttoin  yviMt  ia  co(ii{mici  sml  he$frf. 


«.^  iorfiice  jentt  is  a  strong  exciter 

of  fcrmcntatioQ ; 
/]  surface  formtiatcd  boer  sooQ  bo* 
^     coiiiM  iotir  ^ 
7  )  fliirfncc  fermented  ijccr  ceiitiUiis 

but  little  csirboaie  acitj ; 
A.)  serves  for  tho  niftttufiictttre  of       wnfesfortliamtttittfttctofeofftnwig 

Weak  hci^T  I  hmr* 

•4  bytowcrmgtheti>fiipemmTCih«        by   imlsmf?   tlie    tpmjwratttrts    tlio 

intfacc  fcrm^-'ttiation  tmiy  be  bottom     fi^rinentntluti     mny    be 

eoi) verted  iato  Liotlom  fermcn-  conrerteel  into  surfocQ  fcmien* 

tAtion*  Ution. 

Experimetit.  —  Subject  a  weighed  or  measured  tjuan^ 
tify  of  beer  to  distiJlatioij  (§486);  a  weak  alcohol^  to- 
gf^ther  with  carbonic  acid,  will  firat  piisis  over,  and  (inaliy 
only  a  watery  liquid.  Pour  the  yet  fluid  residue  into  a 
ciu>^  and  set  it  in  a  warm  place  ;  it  dries  up,  forming  a 
dry  uuiorphous  mass  {exlraci  of  bcer)^  which  consists 
principally  of  dextrine^  stigar^  and  the  bitter  friiiciple  of 
hops,  ^y  dctermiriiug  the  strength  and  the  quantity  of 
the  alcohol,  and  the  weight  of  the  extract  obtained,  we 
have  the  two  most  itaporUmt  factors  for  estimating  the 
nature  and  purity  of  the  beer. 


BRANDT. 

491,  The  prcparaiion  of  brandy  is  similar  t^  that  of 
beerjiiiasmiich  as  substances  contuiniiig  starch  are  like- 
wise employed  in  the  preparation  of  it,  and  as  the  starch 
most  first  be  converted  into  sugar  before  the  fermenta- 
tion can  proc»eed.  This  is  done,  as  in  tlie  case  of  beer, 
by  tlie  mashing  process j  that  is,  by  the  operation  of  the 
diastase  of  the  malt  upon  the  starch.  To  this  end 
either  boiled  and  mashed  potatoes  or  rye  are  mixed 
with  bmised  barlcy-inalt  and  hot  watcr^  so  as  to  form 
a  paste,  which  is  to  be  kept  at  a  temperature  of  70°  C| 
until  a  complete  formation  of  sugar  is  ctlected  j  then 
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brewers*  yeast  (surface  ferment)  is  added  to  the  su^eci 
*  maah  or  wort  previously  cooled  off,  whereby  fermeDta* 
tion  is  induced     When  this  fermentation  is  concluded, 
put  the  mass  into  a  copper  boiler,  and  diHtil  the  volu* 
tile  aleoliol  from  the  non-volatile  parts  (husksj  gluten j 
fibrous  matter,  kc).    The  residue  is  used  as  a  nourishhig 
food  for  the  fiitteniiig  of  cattle.     Formerly  simple  stills 
'■were  used  for  this  dbtiUatiou,  and  a  thin  spirit  {bramfy 
or  iow  iinnes)  was  obtained,  whicli  consisted  of  about 
one  third  of  alcohol  and  two  thirds  of  water ;  but  now  a 
fmore  complicated  appamtus  is  universally  employed^ by 
'means  of  which  a  brandy  of  double  the  strength  is  ob- 
tained (reciified  sjnrii).     The  principle  upon  which  this 
apparatus  depends  will  be  explained  iu  the  following 
» experiment  • 

493*  RecUJteaiioH  or  Sireng'ikeniftg^  of  Brandij.  —  .Eb- 

l^perimetiL  —  Pour  three  ounces  of  common  brandy  in* 

to  a   eapaeions   flaskj   and   carefully  distil   half  of  it 

into  a  vessel,  which  is  cooled  by  means  of  very  cold 

water,  or  what  is  still  better,  by  ice.    If  the  brandy 


i 


contained  thirty  per  ctJnt,  of  j*pint,  then  the  ounce  and 
of  alcohol,  fir:it  paj*iiiug  ovt:r,  will  contain  ftl 


laaai  fifty  per  oeot  Akohol  is 
water,  lliererare  it  fii^  pusses  crtcr,  ta  eooipuiy  wHb  m 
smallcf  qiutmity  of  tbe  laiS<^  vliife  tbe  laiger  qottttlity 
of  the  water,  u^geiber  with  tbe  Tosel  otl  wUeh  ipi^ 
have  been  coDtained  in  the  knandy,  r^nwn  bdood  in 
the  flask  {f^Akgrn}* 

49a  ErperimenL — If  yaa  coniiect  with  tli^  Bmk 
ajid  ih€  receiver  an  intenpediate  Tetget^  a  wide^ipogthed 
viali  for  uisUjioe^  wluch  k  eaaaly  dooe  by  meaiitt  o( 


two  glass  tubes  bent  at  right  angiei,  aod  a  oork  peflb- 
rated  with  two  hoIeSf  and  tbea  repeat  the  above  ex- 
periment of  diMlUaliofit  tlie  ttkabol  vmponi  pai^ng  over 
wiU  first  condense  to  the  middle  veaecL  But  as  this 
vessel  is  not  cooled  down,  tiie  liquid  ooodeaesd  in  H 
will  tlnally  aUo  boll,  aiul  the  vapora  Ibiis  foimcA  wM 
pass  over  into  the  receiver  siarfoumled  with  cold  water, 
and  will  there  be  con^Ieniiecl  for  the  second  time^  In 
this  manoer  a  double  distillation  (rectification)  is  effect^ 
ed.  The  fiaak  eontalns  boUing  bm»dy  (at  30^^  Tral* 
lea*) ;  the  intcfin^dtate  veesel,  boiling  rectified  aloobol 

*  Thd  tloiIiQliiaietttr  of  TraOoASottti  to  •  $tgmt  tm  tbt  ttcnt^  vWditiull* 


tm 


VEGETABLH    MaTTEIL 


(at  abdnt  50^  Tralles)*     After  the  termination  of 
experimentj  the  first  vessel  will  contaiii  phlegm ;  the 
second j  weak  spirit;  and  the"^ third,  very  strong  highly 
rectified  spirit  (of  70  to  SQP  Tmllcs). 

If  you  adapt  to  the  corks  of  the  first  two  vessels  a 

reonple  of  thermometers^  which  shBjL  dip  into  the  liquid| 

jfou  will  find  that  the  liquid  in  the  Ibslc  boiled  ul  Ute 

>mmencemeot  of  the  experiment  at  85^  C-,  and  at  tlie 

end  of  the  experiment  at  from  95  to  IDO^  C,  while  Unit 

contained  in  the  second  vessel  commenc4;d  boiling  at 

80^  C,  and  ended  with  boiling  at  from  85^  to  dQ^  C 

It  is  obviona  from  this  that  a  strong  spirit  boiJi!  at  a 

[mnch   lower  temperature  than  that  nt  which  weaker 

i  spirits  boil     The  strongest  alcohol  (absolute)  boils  at 

78^  C,  consequently  at  twent}^-t%vo  degrees  lower  than 

water. 

494.  Experiment,  —  Connect  with  a  fla^k  a  tolerably 
targe  glass  tube,  whieli  h  so  bent  that  il^  middle  part 
may  have  a  jslight  inclination  upwards,  aa  is  Bhowu  in 
the  annexed  figure :  from  ^,  thhi  tube  is  wound  round 


ith  motfltened  wick-yaiii^  the  end  of  which  bangs 
down  at  a.     At  a,  bind  a  utrip  of  doth  (iieveml  limes 
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folded  together  and  smeart^d  with  some  drops  of  olive* 
oil)  round  the  tube,  so  that  the  water  from  the  wick 
may  not  run  down  tipon  the  flask.  Now  distil  as  be- 
fore  three  ouncea  of  brandy,  but  during  the  distillation 
continually  drop  cold  water  upon  the  wick-yarn,  at  &, 
in  order  to  cool  the  vapor  of  brandy  as  it  passes  over, 
Caleb  the  water  ninniag  down  the  outside  of  the  tube 
in  a  vessel  placed  below  the  end  of  the  wick-yarni 
If  the  distillation  is  arrested  when  about  one  ounce 
of  brandy  has  passed  over,  we  shall  have  a  strongef 
spirit  in  the  receiver  than  was  obtained  in  the  experi- 
inent  in  §492,  because,  by  the  partial  cooling  of  the 
vapor  of  the  brandy,  the  principal  part  of  the  less  vol- 
atile aqueous  steam  was  condensed,  and  therefore  a 
VBpor  richer  in  alcohol  passed  into  the  receiver^  while 
the  \rater  condensed  in  the  tube  ilowcd  back  into  the 
flask. 

This  principle  of  partial  refrig^e ration  has  been  most 
PUccessfuUy  applied  to  the  distillation  of  brandy  on  a 
large  scale.  The  best-known  apparatus  used  for  this 
purpose  is  called  the  depkleg' 
mator,  and  is  so  contrived  that 
the  hot  vapors  rising  from  the 
still  must  pass  through  several 
copper  channels  before  reaching 
the  refrigerator;  these  channels 
have  a  division-wall  in  the  cen- 
trej  and  are  kept  cold  exter- 
nally by  a  constant  current  of 
water.  We  obtain  in  this  way 
a  spirit  of  from  70*^  to  80'^  Tralles,  while  a  simple  still 
yields  only  a  weak  spirit  of  30'^  Tralles. 

495,  Alcohol  is  rendered  not  only  sirong^r^  but  pufj^ 
by  the  above-mentioned  rcetiiieatioD.    Besides 
43 
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tliere  is  formed  from  grain  and  potatoes,  during  fef^ 
mentation,  an  oily,  disagreeably  smelling  liquid,  tlic  so- 
called /i^e^  oil^  and  also  some  vincgan  Bolh  are  lem 
rolatile  than  alcohol,  and'  therefore,  during  the  above 
rectification,  are  for  the  most  part  condensed  with  the 
water,  which  flows  back*  The  pkleg-m  is  accordingly 
a  mixture  of  water  with  alcohol,  fusel  oil,  and  Tinegar. 
The  alcohol  may  be  thoroughly  purified  from  the  foiwsl 
oil  by  letting  it  stand  for  some  time  in  contact  with 
freshly  burnt  charcoal,  and  then  filtering  it  off;  the  fnscl 
oil  remains  behind  in  the  pores  of  the  charcoal  (§  105), 
It  is  still  more  advantageous  to  let  the  alcoholic  vapofSi 
before  their  condensation  after  distil taljoti,  pass  througfa 
a  cylinder  filled  with  charcoal,  and  Applied  over  the 
dcphlegmator. 

496.  In  the  same  way  that  brandy  ia  made  in  Ger- 
many from  grain  and  potatoes,  a  spfrituous  liquor 
called  arrack  is  prepared  in  the  East  Indies  from  rice> 
by  mashing,  fermenting,  and  distilling,  and  mixing 
with  it  the  seeds  of  the  palm-tree,  thua  imparting  to  it 
a  peculiar  flavor,  and  an  odor  resembling  that  of  nim. 

497.  All  fermented  liquors  contain  alcohol,  and  owe 
to  this  their  mtoxicating  power.  The  quantity  of  it 
contained  in  onr  ordinary  spirit uoiis  liquors  is  shoi%*ii 
in  the  following  table;  — 

In  100  ineftmroa  of  (^mtnoa  becjr  ait  comtAincd    U  ->   s  metfttrai^ 

■^         strong  beer*  3    —    5  ^ 

"         porter  or  «lfl|  6   —   S  * 

"           wine,  10—15  •• 

**          Mndcimmnc,  18    —tl  •* 

FrrjnrK  bnwiiij,  40   -- a  ** 

"           liiiueiir^  45    '^  iO  •* 

"          mtti  or  iimiek,  90   —  60  • 

**          rectified  lijiint,  10   —  "d  * 

tkoWl,  TO    --IS 

«•         KygMjrrectiiedftlQobal,  aa   —  PO  « 
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SPIRIT  OF  WINE,  OR  ALCOHOL. 
49S,  Anhifdmns  Alcohol  —  Alcohol  has  as  yet  only 
been    obtiiitied  by  the  fermentation  of  sugar,     Fn  the 
preceding  chapters  we  have  already  shown  how  alcohol 
-lift  f(jrmed,  how  it  \s  rendered  stronger,  and  how  it  IB 
Ipurified*     ThU  b  done  by  incomplete  distillation,  or 
iby  itieorapletc  condensation,  since  the  alcohol  is  more 
liflictilt  to  volatilize  than  water,  and  its  vapor  more 
'^difBcult  to  condense  than  steam.     But  alF  the  water 
cannot  be  separated  in  this  way  from  tifie  alcohol,  fu 
the  alcohol  retains  one  tenth  part  of  the  water  so  firmly 
that  it  can   neither  be  withdrawn  from  it  by  distillation 
nor  by  cooling.     In  order  to  procure  it  absolutely  an- 
r hydrous,  a  body  must  be  presented  to  it  which  has  a 
greater  ajli 111 ty  for  water,  and  fixes  it  so  firmly,  that  it 
cannot  evaporate  with  the  alcohol  at  the  boiling  point 
I'lif  the  latter*     Such  a  body  is  quicklime, 
n     Etperimenl, —  Put  into  a  flask  one  ounce  of  quick- 
lime that  has  been  broken  into  email  pieces,  and  pour 
upon  it  one  ounce  of  very  strong  alcohol;  connect  a 
recpi%'er  with  the  flask,  as  in  the  experiment  in  §492, 
and  let  the  mixture  remain  in  repose  fot  one  day*    The 
lime  gradually  combines  with  the  water  of  the  alcohol 
(it  slakes),  and  the  latter  is  procured  anhydrous  by  diB- 
tiJling  it  off*  at  a  moderate  heal     The  best  method  of 
distilling  in  this  ease  is  o%er  the  water-bath  (Fig*  83). 
Anhjdrom  alcohol  is  also  called  ab&Qlutt  akohoL     In 
this  experiment,  the  vessels  used  must  be  previously 
rinsed  out,  not  with  water,  but  with  strong  alcohol, 
because   the   moisture   adhering  to   the  vessel   would 
again  impart  water  to  the  anhydrous  alcohol. 

499.  Propaiics  of  AkohoL  —  Alcohol  has  a  burning 
taste,  and  a  penetrating,  agreeable  odor.  Strong  alco- 
hol, especially  absolute  alcohol,  acts  as  a  poison  when 
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Hvallowed;  but  when  diluted,  it  i%  as  is  well  known, 
stimulating  and  intoxicating. 

Strong  alcohol  has  never  been  fro^en^  even  at  a 
oold  of  — 100^  C;  it  ia  therefore  exceUcntly  adapts 
for  the  making  of  thermotoeters  by  which  great  dfr 
grees  of  cold  are  to  be  measiiredi.  For  this  reason  it  is 
likewise  serviceable  in  the  illuminating-gas  appaiatm, 
for  preventing  in  winter  the  freezing  of  the  water  whicfa 
settles  in  the  gas-pipes,  and  the  consequent  obstmctioii 
of  the  pipes.  The  illaminating  gas^  on  leaving  the  gis* 
ometers,  is  first  made  to  pass  through  alcohol  before  it 
is  conducted  farther,  whereby  the  steam  is  not  only 
withdrawn  from  the  gas,  but  so  much  vapor  of  alcohol 
is  also  added  to  it,  that  the  liquid  now  condensing  in  tbe 
pipes  does  not  freeze  at  the  temperature  of  our  winterai 

If  common  alcohol  is  placed  in  an  open  vessel^  the  al- 
cohol evaporates  more  rapidly  than  the  water  confined 
in  it.  Strong  alcohol  may  also  attract  water  from 
the  air.  Thus  is  explained  why  all  spirituous  liquids 
must,  when  in  unclosed  vessels,  lose  strength,  and  be- 
come  richer  in  water.  The  young  chemist  is  JrequeeUy 
reminded  of  this  fact  in  the  case  of  the  spirit-lamp;  it 
will  not  burn  when  it  has  remained  exposed  to  the  air 
for  some  time  unprotected.  Why  not?  The  spirit  km 
passed  away  through  the  wick,  the  phlegm  remaijitiig 
behind. 

The  boiUng-  and  evaporation  of  alcohol  have  already 
been  treated  of  at  §§  493  and  494,  and  the  combustion 
of  it  in  §  121,  Alcohol  contains  so  little  carbon^  that 
no  soot  is  separated  during  its  combustion  ;  hence,  also, 
the  alcohol  flame  emits  but  a  feeble  light  The  strength 
best  adapted  for  spirit  used  in  burning  is  that  from  7^ 
to  80*^  Trallcs ;  if  wcaJcer,  all  the  water  wilt  not  evapo* 
rate  during  the  combustion,  and  phlegm  remains  behind 

500.  Alcohol  may  be  mixed  with  water  in 
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portion )  and  it  becomes  Fpecifically  heavier  tlie  more 
water  it  containi» ;  therefore,  its  specific  gravity  is  a  very 
simplej  and  at  the  same  time  a  sure,  test  for  the  greater 
or  less  strength  of  aicohoL  This  is  most  conveniently 
ascertained  by  the  areometer  {akohoiameter).  Abso- 
lute alcohol  has  a  specific  gravity  of  0*792;  that  is,  a 
vessel  capable  of  containing  just  1,000  grains  of  water 
is  entirely  filled  by  792  grains  of  absolute  alcohol ;  it  k 
accordingly  about  one  fifth  lighter  than  water.  In  this 
alcohol,  the  alcoholometer  sinks  to  the  topmost  point 
of  the  scale,  to  lOO^^  while  in  pure  water  it  sinks  to 
the  lowest  degree  only  of  the  scale,  which  is  marked 
0^  (§  16).  The  scales  most  in  use  are  those  of  Truths 
and  Richier^  which  deviate  very  widely  from  each  oth- 
er, since  Tralles  made  the  mixtures  of  alcohol  and 
water  from  which  he  determined  the  degrees  by  meaS' 
wre  or  volume^  while  RicHer  made  them  by  weight 
The  former,  for  instance,  called  that  alcohol  which 
lOT  consisted  of  one  measure  of  alcohol  and  one 
Q  measure  of  water,  J?/Z^  degrees ;  but  the  lat- 
ter gave  this  number  to  a  mixture  consisting 
of  one  pound  of  alcohol  and  one  pound  of 
water.  There  must,  of  course,  be  more  alco- 
hol in  the  latter  than  in  the  former  mixtuje, 
because  one  pound  of  alcohol  occupies  a 
greater  volume  than  one  pound  of  water;  and 
thus  is  explained  why  one  and  the  same  alco- 
hol shows  more  degrees  on  Tralles's  alcohol* 
y/  ometer,  and.  consequently  appears  stronger 
O  than  by  Richter's. 
If  you  mix  50  measures  of  alcohol  and  50  measures 
of  water,  you  do  not  obtain  100  measores,  but  only 
about  97 ;  thus  a  condensation  takes  place,  as  in  the  mix* 
,ing  of  sulphuric  acid  with  water  {§  173).  Tliia  explains 
43* 
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heating  which  always  takes  place  when  w      '       i\ 
&hol  are  mixed  togethen    The  knowledge  ot  i 

b  of  economical  Impuitancie  for  those  meirchanU  who 
now  frequently  prepfire  branfly  by  diluting  strong  Bpini 
with   water,   itince  thia   li<iuid   is   commonly   uoId  by 

601-  Alcohol,  like  water,  b  a  solvent  for  many  sub- 
stanecB)  and,  indeed,  it  not  only  djs&Qlres  umny  sab- 
staiiecs  which  are  ako  soluble  in  wateTi  such  bm  tajinin, 
sugar, &C.,  but  many  othnrs,  which  are  i  "  If^  or  oeai^ 
ly  insoluble  in  water,  such  as  resins,  \<  ils,  &a 

ExperimenL  —  Pour  ijito  a  flaski  containing  one  dr^ini 
of  bruised  gall-nuts^  an  ounce  of  water,  and  \iv  'j- 

er  fla&k»  eontaltiing  the  same  quantity  of  gal i  \i 

ounce  of  alcohol;  fasten  over  both  tlaskei  a  piece  ot 
moktened  bladder,  in  which  some  holes  have  beci*^ 
pierced  with  a  needle,  and  set  them  asitle  for  some  diiya 
in  a  warm  place.  We  obtain  in  both  cases  dark-col^ 
ored,  very  astringent-tasting  liquids  {ittfmwns  and  Hho 
tMres}^  which  are  to  be  clariiied  by  filtration*  They  both 
hold  in  solution  a  peculiar  principle  of  gall*nuis,  called 
tannin  or  tannic  acid.  The  watery  infusion  will  decom- 
pose aftjcr  a  time,  with  the  formation  of  vegetable 
mould;  but  not  so  the  spirituous  tinctufe,  because  al- 
cohol has  the  po^^r  of  preventing  the  commencetnent 
of  piitrefaction, 

Mcpsriment*  —  Prepare  la  the  way  just  described 

,ftn   infusion   from    one   drimi    of   po\Vdered    nnnamon 

'and  water.     A  alightJy  colored  liquid  is  obtained,  and 

this,  if  evaporated  on  a  warm  stove,  leaves  belund  an 

almost  tasteless  gum,  which  easily  dissolves  again  m 

Water.     Now  pour  some  alcohol  upon  the  cinnamon 

that  reniajjtst  and  let  them  digest  for  several  days;  we 

obtain  a  dark^browii,  fiery,  t^picyi  and  aj^tringent- 
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tasted  liquid  {Hndure  of  cmnaman).  If  some  of  this 
tincture  is  evaporated  to  drynessij  a  brown,  glistening 
mass  (resin)  remains  behind^  which  roFiy  be  redisBolved 
in  akohol,  but  not  in  water,  Be8ides  several  other  sulj- 
fttanccs,  the  water  lias  accordingly  dissolved  principally 
gom,  the  alcohol  principally  resin  (and  volatile  oil)  from 
the  ciiiimmon. 

The^e  examples  are  snflicieat  to  show  In  how  many 
w^ays  alcohol  may  be  employed  as  a  means  of  eolution 
and  preservation*  The  principal  solutions  eftVcted  by 
it  are,— 

a.)  The  tinctures  of  phannacy,  alcoholic  extracts  ol 
medicinal  planta»  roots,  barks,  &c. 

b.)  ^fhe  tm  varnisht^,  solutions  of  resin  in  alcohoL 

c.)  The  &o*called  perfumed  waterXf  eau  de  Cologne^  so- 
lutions of  volatile  oils  in  alcohol,  Ace, 

d,)  The  liqueurs  and  cordiah^  solutions  of  volatile  oils 
(oil  of  cumin,  oil  of  peppermint,  Ace)  sweeteaed  with 
sugar,  or  of  bitter  and  aromatic  substances  (sweet-flag, 
cloves,  orange*peel,  &c>),  in  alcohoL 

Two  of  the  various  changes  which  alcohol  may  un- 
dergo are  specially  important,  namely,  its  conversion 
into  ether  and  vinegnr* 


Vn    CONVERSION  OF    ALCOHOL    INTO 
ETHER 

502.  Ehtfile^  or  Okfmni  Gas*  —  ExperimenL — Mix 
very  gradually,  and  with  constant  stirring,  two  ounces 
of  common  sulphuric  acid  with  half  an  ounce  of  strong 
alcohol  {§  84)  ;  the  heating  which  ensues  on  the  union 
of  these  t^^o  fluids  is  stiU  greater  than  that  which  takei 
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place  on  mixing  together  sulphnric  add  and  water. 
Wlien  the  mixture  is  cold,  pour  it  into  a  flask,  and  beat 
it  in  a  sand-bath  (see  Fig.  84),  at  first  cantionslj,  that 
it  may  not  rise  over,  and  afterwards  somewhat  more 
strongly;  a  kind  of  gas  is  evolved,  which  is  to  be  col- 
lected, as  has  been  described,  in  flasks  immersed  in  cold 
water.  Inflame  the  gas  contained  in  one  of  the  flasks, 
and  immediately  pom*  in  water;  it  bums  witii  a  highly 
luminous  flame;  it  is  ittuminating giu  (C4H1),  which  is 
formed  from  the  alcohoL  The  alcohol 
Fig.  198.  jg  resolved  into  iUumituUvng  gas  and 

water,  which  latter  combines  with  the 
sulphuric  add  remaining  behind. 

Fig:  190, 


There  U  formed  from  alooliol,     mumlnatlnf  gae  and  S  water. 

There  are  likewise  formed  at  the  same  time  sulphur- 
ous and  carbonic  acids,  the  former  of  which  may  easily 
be  recognized  by  the  smell ;  they  are  generated  by  the 
carbon  of  a  portion  of  the  alcohol  decomposing  a  por- 
tion of  sulphuric  acid,  and  abstracting  from  the  latter  its 
oxygen.  In  order  to  purify  the  illuminating  gas  from 
these  two  volatile  acids,  it  has  only  to  be  conducted 
through  milk  of  lime  before  it  is  collected. 

The  illuminating  gas  thus  obtained  has  received  the 
name  of  elayle,  or  olefianl  gas,  because  it  condenses  with 
the  chlorine,  forming  an  ethereal  liquid,  which,  like  oil, 
is  insoluble  in  water. 

503.  Sulphuric  Ether. — Experiment. —  Mix  one  ounce 
of  strong  alcohol  with  one  ounce  of  common  sulphu- 
ric add,  but  now  without  cooling  the  vessel  by  cold 
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water,  becanse  by  the  heating  of  the  mixture  the  desired 
cjhemiciil  i^hange  is  promoted.  That  such  a  change  haa 
really  taken  pitiee  m  known  by  the  peculiar  smell,  diHer- 
ent  from  that  of  alcohol^  and  by  the  altered  {brownisih) 
color  of  the  liquids  The  change  which  a  portion  of  the 
alcohol  baa  hereby  experienced  ia  as  follows ;  — 

I>®$^       ®®($(^(g  (0) 

Thin  1*  Ibnnfld  fpain  aIcaI^,  «Lh«  (qstdd  of  dhjlsj, 

While  in  the  former  experiment^  by  an  excess  of  sol* 


r 

■  plmric  aeidj  two  atoms  of  oxygen  and  two  atoms  of  hy- 
I  drogen  were  Beparated  from  the  aieohol,  in  tlie  latter 
I  case  the  alcohol  loses  only  half  as  much  of  Ihesie  two 
I  elements^  naraely,  one  atom  of  eachj  whicli  two  com- 
bine to  form  water*  From  tho  alcohol  (CilltOa) 
there  is  formed  a  new  body  (C|HO)  whieh  has  re- 
ceived the  name  oxide  of  elhyle  (AeO),  because  it  is 
&ble,  like  a  base,  to  combine  with  acids.  In  the  pres- 
ent case  the  oxide  of  ethyle  meets  with  free  sulphuric 
add,  with  which  it  combiner,  forming  bualphate  of 
QsMe  of  eihplc  ( Ae  O,  2  S  O,  +  4  H  O),  This  com- 
aujidj  which  is  contained  in  the  elixir  addum  Ilaileri 
ind  in  the  vmtura  auiphnrico-acida^*  is  more  simply 
leslgnated  by  the  name  of  suiphvric  €th€r* 

504.  Ether,  —  If  the  liquid  of  the  preceding  ex peri- 
mentj  consisting  of  sulphuric  etlier,  is  heated,  it  resolvca 
itself  into  oxide  of  etliyle  (ether),  water,  and  sulphuric 
acid- 

ExperimeM. —  Put  the  mixture  prepared  from  alcohol 
and  sulphuric  acid  iuto  a  Oask  connected  with  a  glass 
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tabe  and  a  receiver  (see  Fig.  106),  doee  the  opening 
remaining  between  the  neck  of  the  receiver  and  the 
glass  tube  by  binding  round  it  a  piece  of  moistened 
bladder,  in  which  some  fine  holes  are  pierced,  and  beat 
the  flask  carefully  in  a  sand-bath  till  the  contents  of  il 
assnme  a  bubbling  motion.  Maintain  the  boiling  of 
the  liqnid  till  abont  half,  or  at  most  three  quarters,  of 
an  ounce  of  the  liquid  is  distilled  over.  In  this  experi- 
ment  the  liquor,  as  it  is  distilled,  must  be  subjected  to 
a  .powerful  refrigeration,  because  it  is  extremely  vola- 
tile ;  it  is  therefore  advisable  to  perform  the  experiment 
in  winierj  and  to  surround  the  receiver  with  snow. 
Care  must  also  be  taken  not  to  bring  any  burning  sub- 
stance too  near  the  vapors  or  the  liquid  which  pass 
over,  as  they  are  both  exceeding'ly  inflammable.  The 
distilled,  colorless  liquid  possesses  a  penetrating,  pleas- 
ant smell ;  it  is  called  crude  ether. 

In  order  to  purify  it,  shake  it  up  in  a  small  vessel 
with  half  an  ounce  of  water,  and  one  dram  of  potassa 
lye;  close  the  vial,  and  let  it  remain  standing  for  an 
hour  with  the  bottom  upwards.  Crude  ether  contains 
a  mixture  of  water,  alcohol,  and  frequently  also,  when 
the  distillation  is  continued  too  long,  some  sulphurous 
acid ;  these  substances  combine  with  the  water  and  the 
potassa  added,  and  form  with  them  the  heavier  liquid 
layer,  which  settles  at  the  bottom  of  the  vial.  The 
very  thin  and  mobile  liquid  floating  above  is  e/Aer, 
which  separates,  because  it  comports  itself  tovi'Brds  wa- 
ter in  the  same  manner  as  oil  docs,  and  is  dissolved  by 
it  only  in  very  small  quantity.  If  you  now  loosen  the 
stopper  of  the  inverted  vial,  the  aqueous  liquid  will  run 
out,  while  the  ether  remains  behind.  If  the  latter  is  re- 
quired entirely  pure,  it  must  be  again  distilled  or  rectified. 

The  most  profitable  way  of  preparing  ether  on  a 


lai^  scale  is  the  following-  Nine  pounds  of  eiiE)>huric 
add  and  five  pounds  of  alcohol  arc  mtxed  together,  and 
heated  to  the  boiling  point  While  the  roixtiire  is  still 
boiling,  just  so  much  alcohol  is  allowed  gradually  to 
drop  in,  as  there  is  ether  distilled  over.  One  single 
pound  of  sulphuric  aeid  is  tht-n  sufficient  gradually 
t€  convert  into  ether  thirty  pounds  of  alcohol,  at  nine- 
ty per  cent,  or  an  unlimited  quantity  ot  absolute  al- 

505.  MqdufmUon  of  tlie  Formation  of  Etiien —  Alco- 
hol is  distinguished  from  ether  merely  by  this,  that  it 
contains  one  atom  of  hydrogen  and  one  atom  of  oxy- 
gen, consequently  one  atom  of  water,  more  than  the 
latter.  Accordingly,  tht-  production  of  ether  may  thus 
be  explained  in  the  simplest  manner:  sulphuric  acid, 
on  account  of  its  strong  affinity  for  water,  abstracts  from 
the  alcohol  one  atom  of  water,  and  thus  the  alcohol  is 
converted  into  ether.  But  the  process  is  somewhat  more 
complex,  because  there  13  an  intermediate  station  —  the 
bisulphate  of  oxide  of  ethylc — ^  on  the  way  between  the 

alcohol  and  the  ether.  This 
complex  compound,  having 
the  character  «)f  a  salt,  acts 
very  differently  according  as 
it  is  heated  in  aconccntnit- 
edor  in  a  diluted  condition. 
When  diluted  with  sixj  or, 
at  most^  with  eight  atoms  of  water,  this  compound 
Wils  at  from  130^  to  140^  C,  and  is  thereby  resolved 
into  ether,  water,  and  hydrated  fc^ulphuric  acid  ;  the  two 
former  volatilize  without  combining  chemically  with 
each  other,  and  the  latter  remains  bebind«  When 
the  bisulphate  of  the  oxide  of  ethyle  is  dilated  with 
from  nine  to  ten  atoms  of  water,  it  boils  even  at  a 
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IcFwer  tempeiataie  than  130^  CL,  and  m  tbtceby  re- 
solved to  to  aJcohol  nod 
bydmted  sidphiirtc  ackL 
Here^  too,  etber  and  wntcr 
are  fif«t  fieparated,  bat  both^ 
wbef]  m  a  osftoent  state, 
oombine  ebemieally  with 
each  otber,  forming  alco- 
ThiB  k  the  reason  why,  in  the  last-mantiaiied 


bol. 


method  of  prepariiig  ether,  the  stilphtirle  add  bccomea 
inefTeetual  after  it  haa  transformed  thiitr  time*  its  own 
weight  of  ajcohol  at  fiinety  per  cent  into  ether;  it  has 
tbeu  become  so  dilared  by  the  water  which  it  has  ab- 
ed from  the  hydrated  alcohol^  tttat   nearly  nine 

toms  of  water  have  combined  with  two  atoms  of  fnil- 
pihnric  add  It  has  akeady  been  shown^  in  the  firsi 
part  of  thb  work,  by  several  eipcrimenta^  how  other 
^bodies  abo,  at  ilifferent  temperatait'H,  evince  aometimea 
attonger,  sometimes  a  weaker  alEmty  for  water,  or, 

adeed,  none  at  all  for  it 

506.  Es^mimemis  irtfA  EiAer, 

n.)  Pour  some  drops  of  etber  npon  tfae  hand ;  it  wiD 

^araporate  in  a  few  moments,  impaftiiig  to  the  band  a 

tpttble  feeling  of  coldness  (H^)*     Etber  is  so  rery 

i/oli/e  that  it  boik  when  in  summer  it  ia  pnt  in  the 

in  (at  35^  C.) ;  therefore  it  must  always  bo  kept  in 

itly  closed  bottles,  and  in  a  cool  plaoe* 

h,)  Dip  one  piece  of  wood  into  ether,  another  into 

r alcohol,  and  bold  both  to  the  flame  of  a  candle;  tha 

bums  with  for  greater  brbkness,  and  also  with 

much  more  laminoos  and  a  somewhat  fntiginoiia 

Aflame.     Ila  stronr--    •^nminatlng  power  is  simply  enc> 

olaijied  by  Ha  c^  g  a  larger  ainonnt  of  isarboiu 
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The  process  in  burning  Is  the  »a me  as  %\itli  alcohol; 
the  ether  being  also  converted  into  carbonic  acid  and 
water. 

€*)  If  you  pour  some  drops  of  ether  into  a  tumbler, 
and  after  some  minutes,  when  the  ether  is  converted  in* 
to  vapor,  apply  to  it  a  burnitig  taper,  a  sudden  ignitioii 
ensues,  accompanied  by  an  explosive  noise.  The  va- 
por of  ether  forms,  like  hydrogeti  or  marsh  ga^,  when 
mixed  with  atmospheric  air,  a  kind  of  explosive  gas, 
and  several  violent  explosions  have  been  occasioned  by 
carrying  lighted  candles  or  lamps  into  those  places 
where,  owing  to  the  breaking  of  a  bottle  filled  with 
ether,  its  vapor  has  become  difTnsed  in  the  ain 

ct)  Ether  may  be  mixed  with  alcohol  in  any  proper* 
tion  whatever.  When  mixed  with  three  parts  of  aico* 
hoi,  it  is  much  UFctl  a^  a  atimulating  and  rcstorati%*c 
mcdicincj  under  the  name  of  Hoffmann^ s  anodf/ne  fiqtmr* 

€-)  Pat  a  piece  of  tallow^  or  a  few  drops  of  obve  oilj 
into  a  test-tube  with  some  ether;  both  mil  entirely  dis- 
solve in  it  But  they  are  not  soluble  in  alcohol  or  water. 
Therefore  ether  may  be  advantageously  employed  for 
dissolving  and  separating  such  substances  as  will  dis- 
solve in  it,  but  not  in  other  liquids*  Besides  fat,  many 
of  the  resins,  and  the  so-called  gum  elastic  (caoutchouc), 
aie  soluble  in  ether. 

Ether  is  also  very  generally  called  5t*/pAi/n^  ether;  but 
thb  appeUation  is  incorrect,  since  pure  ether  neither 
contains  sulphuric  acid,  nor  has  any  sulphur  in  ita  oom- 
poeition. 

507,  Cambinalions  of  Ether  mlh  Acids. 

It  has  already  been  titated,  that  etheri  though  it  doea 
not  give  a  basic  reactiont  yet  comporta  itself  as  a  base, 
that  iBf  corabines  with  acids.    These  combinatioDs,  how- 
44 
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22q::>£.&r^i  ra.T«aTosaiafle.oooSf«tBte.  Theyt 
ncclj  ytv^^MFcd  by  if>«d]i^ffig  ifae  ififaent  acidi  witfa  aicO" 
bou^od  ofren  in  Tbepreseocecif  solpfainicaciiL  Thoae 
ob:t  ^vrkh  ue  bes^  kaovn  will  be  here  aDiided  tOL 
_  AffsicU  cf  (hade  €f  Eik^.  or  Aeeiie  Ether  ( Ae  O, 
A^  is  a.  Tcrv-  TOfiasSe  ISqnkL  haiTing  mn  agreeable  odor, 
acd  i«  empuOT^  in  medioiDe. 

SitrUe  cfOndt  of  EH^-U.  or  SUnms  Etier  (Ae  O, 
X  Oil.  h&s  an  agreeable  odor,  like  that  of  fruity  and  is 
oomaiDcd.  dihzied  with  aloohoL  in  the  i^ptr.  mfr.  dsCL 
(«weei  spirits  of  cine)  of  the  apothecaries^  which  is 
known  as  a  medicine. 

CUonde  of  Etkule.  or  JbriaHe  Eiker  (Ae  Q),  fonns 
a  cDcsdtnent  of  the  spirit  of  moriadc  ether. 

CEjuuUkaif  of  Ozide  of  Elkyle,  or  (Emamtkie  Eiker 
( Ae  O.  Oe).  is  contained  in  wine,  and  is  the  cause  of 
the  so-called  booqoet  of  certain  sorts  of  wine. 

BuitfrcU  of  Oxide  of  Elkjfle^  or  Butyric  Ether,  now 
occors  in  commerce  onder  the  name  of  nun-ether,  or 
essence  of  mm.  and  is  osed  for  imparting  to  alcohol  an 
odor  similar  to  that  of  ram. 

508.  Organic  Radicals, 

F#MHMily  oiganic  substances  were  considered  as  im- 
Ainations  of  carbon,  hydrogen,  oxygen, 
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nitrogen,  &c. ;  accordingly  they  were  divided  into  ter- 
aary   compoundB  {having   three  elements),  quaternary 
(having  four  elements),  {ce*     But  in  modcra  tirne^  the 
hypothesis  has  been  adopted,  that  a  simple  manner  of 
combination    may  exist   in  organic  substances  analo* 
[lus  to  that  of  the  inorganic  compounds;  namely,  that 
im  simple  group  of  atoms,  as  of  carbon  and  hydrogen, 
'tnay  comport  itself  in  the  same  way  as  an  element  or  a 
radical;  the  group  Ct  N  (cyanogen),  for  instance,  com- 
ports itself  as  such.     This  supposition  has  already  been 
10^ t  beautifully  confirmed  in  many  cases,  and  i>ince 
Jcohol  and  ether,  and  their  metamorphoses,  are  pecn- 
hliarly  adapted  for  illustrating  this  new  mode  of  consid- 
lering  the  subject,  wc  will  cite  them  ns  examplet*.     In 
frthesc  combinations  we  consider  a  group  of  Jbur  atoms 
'of  carbon  and  five  atoms  of  hydrogen  (Cilla)  as  the 
^elementary  substance,  as  the  radical,  and  call  It  ffht/le 
(Ae).     Accordingly,  we  now  regard  ether  (Q  11.0)  as 
oxide  of  ethyle  ( Ae  +  O) ;  alcohol  (Q  H,  O,)  as  hydrat- 
cd  oxide  of  ethyle  (AeU+IiO);  sulphuric  ether  as 
bisulphate  of  oxide  of  ethyle  (Ae  0,2  S  0^  +  4  H  O) ; 
acetic  ether  as  acetate  of  oxide  of  ethyle  ( Ae  O,  A) ;  mu- 
riatic ether  ns  chloride  of  ethyle  ( Ae  CI),  Ace. 

It  will  be  readily  perceived  from  this  grouping,  that 
the  organic  compounds  show  a  surprising  resemblance 
to  the  inorganic,  and  may  be  very  well  compared  with 
them ;  the  ethyle  series,  for  instance,  with  the  potas* 
Slum  series,  in  the  following  manner:  — 


I  ftlnil;>liite  of  p4»tMSs 
I  Aeetttlt  of  |K>taiift 
1  CfrtirHt  of  pota&utini 


conTjipoMi  to  ethyle^ 

**         *^      Oifffp  of  t^thjlc  (ether), 
'*         "       tv  1pofethrle(ilTOholK 

**      ti     ,         ^  ujtidc  of cih jie, 
**      KTctMc  o(  Qx  idfi  id  cthy  le  (Mitle  itb«r]^ 
•*     cliJ)siri4(ft  of  etltyk,  4c, 


tSSO  TEQETABLB    MATTEB. 

ThemdicalB  of  this  kind,  aiDODg  which  may  be  reck* 
onedi,  abo,  cjanogeti  and  an  ti,  are  termed  ram^ 

pound  or  organic  radicals.     1  longs  to  the  divii 

ion  ofmdiQuh  forming  bases^  - 


VTtL    CONVERSION   OF   ALCOHOL  INTO 
VINEGAE. 

509.  Eiperimeni.  —  Mix  in  a  glass  vessel  half  an 
ounce  of  brandy  with  three  ounces  of  &prittg«water,  and 
put  in  the  liquid  a  slice  of  leavened  lye  breads  or  black 
bread  (&'hiaari:^brvd)^  which  has  been  previously  sofliked 
in  strong  vinegaTj  or  instead  of  it  a  little  leavesi ;  cover 
the  vessel  with  a  piece  of  perforated  pasteboard,  and 
put  it  in  a  place  where  the  temperature  i&  between 
30^  and  40^  C, ;  the  apiituous  liquor  will,  after  »ooie 
weeksj  be  converted  into  vinegar.  This  canvrrsion 
does  not  take  place  in  a  closed  vessel,  as  tbe  oxygen 
of  the  air  is  iadispcnsable  to  the  proeesa;  a  great  qoan- 
tity  of  oxygen  is  consumed,  since  iliBformaiian  of  vine* 
g-ar  e&nsisis  in  an  oxidtUion  of  the  alcohol  %  Me  cu?s|^j| 
of  the  air.  Neither  is  any  vine^r  formed  if  you  do  not 
add  the  bread  or  the  leaven.  A3  the  soUitton  of  sogar 
does  not  of  itself  pass  over  into  alcohol,  neitber  docs 
the  alcohol  of  itself  pass  ovrr  into  vinegar.  But  as  an 
easily  resolvable  body  (ferment,  yea.*t^  &c.)  disposes 
sugar  to  enter  into  decomposition  simultaneously  wilb 
itself^  so  also  acid  bodies,  that  may  be  easily  deeom* 
posed,  such  as  bhick  bread,  Iravcn,  vinegaf,  <!ke^  are 
able  to  bring  the  alcohol  into  that  state  in  which  it  ab- 
sorbs oxygen*  The  mode  of  nction  of  *•-- -  -,.k.j  ....,-.^^ 
which  are  called  vinegar  fertnentSj  rcii  a 
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nitric  oxide  in  the  sulphur-cliamberB;  they  aie,  like  the 
latter,  Ihe  trqnsferrersj  that  is,  they  attract  the  oxygen 
from  the  air,  and  give  It  up  again  to  the  dOuted  alcohol. 
In  the  same  manner  with  pure  diluted  alcohol,  all 
other  aicohoiic  iiquidSi  as  beer,  wine,  cider,  &c*|  may, 
by  receiviJig  oxygen,  be  converted  into  vinegar,  and  it 
h  well  known  that  vinegar  is  frequently  prepared  from 
them.  If,  as  m  ordiaariJy  the  case,  they  contain  gluten 
or  lees  in  solution^  then  these  substances  replace  thr 
vinegar  ferment,  and  the  acidification  ensues  sponta 
neoudj,  when  the  liquid  is  exposed  in  loosely  covered 
vessels  to  a  temperature  of  from  30^  to  40^  C.  This 
acidification  most  readily  occurs  Immediately  after  a 
eplrituous  fermeotation,  which  has  taken  place  at  too 
high  a  temperature;  for  this  reason,  in  the  hot  montbe 
of  summer^  the  brewers  and  brandy-distillers  find  tiiiTi- 
cuky  in  keeping  their  fermenting  wort  and  mash  from 
turning  mwff  which  cau  only  be  prevented  by  rapid 
fefrigeration. 

Liquids,  also^  containing  starch  and  sugar^  may  pass 
over  into  vinegar,  but  only  after  these  have  been  pre- 
viously converted  by  fermentation  into  alcohol.  Tiiis 
explains  why  the  farmer  obtains  vinegar,  when,  having 
pom-ed  water  upon  the  peels  and  refuse  of  fruit,  he  sets 
them  aside  near  the  stove ;  why  boiled  food,  preserved 
fruits,  &€^  become  aeid  after  a  time.     The  spirituous 

*fermentationj  which  first  takes  plaec^  is  always  fol- 
lowed by  an  effervescence  or  fermentation  in  these 
cases,  because  the  carbonic  acid,  formed  from  the  suga? 
at  the  same  time  w^ith  the  alcohol,  escapes.  From  this 
is  derived  the  term  vinegar  fcrmentutwn^  by  which,  in 
earlier  times,  the  process  of  the  formation  of  vinegar 
designated,  this  eflervescence  being  regarded  as 

^*tt  essential  phenomenon  in  the  generation  of  vinegar. 
44* 


I 
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But  it  ia  now  known  that  tio  evolution  of  gsis  tak^ 
place  during  the  conversion  of  alcobol  into  Tinegar. 

510*  ExpenmcnL  —  Fill  two  tumblers  looselj  with 
the  stalks  of  grapes,  and  fill  one  entirely  and  the  other 
only  half  full  with  wine,  beer,  or  a  mixture  consist- 
ing of  one  part  of  brandy,  one  part  of  beer,  and  six 
parts  of  water.  Put  both  vessels  in  a  warm  place,  and 
once  or  twice  every  day  pour  the  mixttire  from  one 
vessel  into  the  other,  so  that  each  may  be  alternately 
full  and  only  half  full  of  the  llqmd.  The  alcohol  coq^ 
tained  in  the  brandy  will,  in  this  manner,  be  mucli 
more  rapidly  oxidized  into  vinegar,  because  the  Uqnld 
adhering  to  the  grape^stalka  is,  intfais  state  of  fine  di« 
vision,  surrounded  by  air,  and  thus  has  a  far  belter  op« 

ortunity  of  attracting  oxygen  from  the  latter.  T^^ 
effervescence  taking  place  at  the  commencement  ^^V^H 
oui^ug  to  the  sugar  contained  in  the  beer  and  the 
grape-stalks,  and  which  was  first  converted  into  alco* 
hoi  and  carbonic  acid*  The  alcohol  thus  formed  was 
likewise  afterwards  changed  into  vinegar,  and  this  is 
the  reason  why  the  vinegar  thus  produced  is  more  acidi 
that  is,  richer  in  acetic  acid,  than  that  obtained  by  the 
former  ejcperiment. 

511.   Qukk  Method  of  making  Vinegar. —  The  tran- 
sition of  alcohol  into  acetic  acid  takes  place  yet  moie 
rapidly  by  subdividing  the  alcohol  still  further,  or 
exposing  a  still  greater  surface  of  the  liquid  to  the 
than  in  the  way  just  described.      This  is  effected  in 
he  following  manner. 

A  tub  four  or  five  yards  high  is  filled  with  sha^n^ 
of  beech-wood,  and  is  furnished  with  a  perfomted 
shelf,  which  is  placed  somewhat  below  the  upper 
opening.  Through  each  of  the  small  holes  a  straw  or 
%  piece  of  packthread  is  passed,  prevented  from  falling 
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through  by  a  knot  at  the  upper  end-     By  this  meanfl 

an     extreme    division    of 
-  ^*  the  alcohol  is  eflected,  as 

when  it  is  poured  in  at 
the  top,  it  only  trickles 
slowly  down  through  the 
holes  by  Tneaus  of  the 
straw  or  packthread,  and 
then  diffuses  itself  over  the 
BhavJngsi,  forming  a  very 
thin  liquid  layer,  which 
presents  to  the  air  a  sur* 
faee  many  thousand  times 
more  extensive  than  was 
produced  by  any  former 
method.  Several  large 
holes  are  bored  round  the  lower  part  of  the  tub,  and 
likewise  in  the  perforated  shelf;  glass  tnbe%  are  fitted 
into  the  holes  made  in  the  latter,  in  sueh  a  man  net 
that  the  liquid,  when  poured  into  the  topi  may  not  run 
off  through  thern,  A  free  circulation  of  air  is  here- 
by produced,  tlie  cooler  air  enters  by  the  openings 
in  the  tub,  gives  up  its  oxygen  to  the  alcohol  diffused 
over  the  shavings,  and  in  eonsequence  of  this  oxida- 
tjon,  or  slow  combufstion,  so  much  hewt  is  evolved 
in  the  interior  of  the  tub,  that  the  temperature  rises  to 
40^  C,  The  air,  hereby  becoming  wurnier,  and  con* 
fiequentty  lighter,  passes  out  of  the  tub  through  the 
glass  tubes  in  the  shelf,  and  from  an  eighth  to  a  fourth 
poorer  in  oxygen  than  when  it  entered.  Strong  vinegar 
is  used  as  a  ferment  in  this  process,  the  tub  and  shav- 
ags  having  previously  been  moistened  with  it,  and  a 
|j6ejtain  quantity  being  also  added  to  the  mixture  of 
jrandy  which  is  to  be   converted  into  vinegar.      In 
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sucfa  a  tab  {vinegar-generaUn)^  heated  biandy,  beer, 
wine,  &C.  may  be  coDverted  into  vinegar  in  a  few 
boms,  by  being  passed  throogh  the  cask  three  or  four 
times ;  hence  this  is  called  the  gmek.mdhod  9f  making 
vwegar. 

512.  Explanaiion  of  the  Process  of  fmwvng  Vinegar. 
—  In  order  to  convert  alcohol  into  vinegar,  four  atoms 
of  oxygen  most  enter  into  combination  vrith  one  atom 
of  alcohoL  From  one  atom  of  alcohol  and  four  at- 
oms of  oxygen,  =  C«  H|  O,  -}'  ^  O,  are  formed  one  atom 
of  acetic  acid  and  three  atoms  of  water,  s=  C4  Hj  Os  -j~ 
3  H  O.  The  alcohol  is  accordingly  oxidized  into  acetic 
acid  and  water. 

This  process  may  be  regarded  as  a  slow  and  imper- 
fect combostion,  and  we  shall  here  also  find  confirmed 
what  was  stated  of  the  combustion  of  wood  in  the  air 
(§  120),  and  of  the  combustion  of  sugar  by  nitric  add 
(§  196) ;  namely,  that  the  easily  combustible  and  easily 
oxidized  hydrogen  combines  with  the  oxygen  before  the 
difficultly  combustible  carbon  does.  Here,  as  is  ob- 
vious, none  of  the  carbon  of  the  alcohol  is  consumed, 
but  one  half  of  its  hydrogen  is  consumed  or  oxidized  by 
the  oxygen  of  the  air,  one  atom  of  oxygen,  moreover, 
being  taken  from  the  air. 

Aldehyde.  —  We  have  thus  far  considered  only  the 
starting  point  (alcohol)  and  the  extreme  point  (acetic 
acid)  of  the  process  of  the  formation  of  vinegar ;  but 
half  way  between  these  two  there  is  a  peculiar  com- 
pound, which  may  be  regarded  as  half-converted  alco- 
hol, or  half-made  vinegar.  It  is  formed  from  the  alco- 
hol when  two  atoms  of  oxygen  enter  into  combination 
with  it,  thereby  converting  two  atoms  of  its  hydrogen 
into  water.  The  name  aldehyde  (that  is,  a/- alcohol, 
efe-from  which,  hydr  hydrogen  is  taken)  has  been  given 
to  it 
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coNVEnsioN  or  alcoooi.  into  vikegar. 

From  abohol»=  C,  H  O,  and  S  O, 
18  formed  aldehyde^  =  C^  H<  0«  and  2  H  O, 
This  coTTsponnd  m  always  produced  i»  the  first  peri 
'ef  the  formation  of  vinegar,  and  occasions  the  peculiar 
saflbcatitig  smcU  often  perceived  in  vinegar-chain bers; 
mAUlchyde  very  greedily  al tracts  two  nsore  atoms  of  ox- 
ygen from  the  air,  and  is  thereby  converted  into  hy* 
drated  acetic  acid  (H  O,  Q  H,  Og),     This  oconrs  in  the 
I  see^^nd  period  of  the  formation  of  \inegar,  when  an  acid 
odor  prevails  in  the  vinegar-chambers. 

Aldehyde  may  be  very  easily  produced,  and  it  may  be 
readily  recognized  by  its  cliaracteristlc  odor,  when»  aa 
was  directed  in  ^  114>  a  glowing  platinum  wire  is  held  in 
alcohol  vapor^  or  yet  more  easily,  by  pressing  down  an 
alcohol  flame  by  a  wire  net.  In  both  cases  it  is  formed 
because  the  temperature  is  not  high  enough  to  etTect  a 
compile  combustion  of  the  alcohol  vapor.  A  portion 
of  the  latter  then  takes  up  only  two  atoms  of  oxygen 
from  the  air,  and  there  is  produced  aldehyde  vapor, 
and,  together  with  this,  some  acetic  acid  and  other  gas- 
cons  products. 

After  this  statement  of  the  process  of  the  formation 

of  vinegar,  it  will  no  longer  appear  strange  that  aide* 

■liyde  and  acetic  acid  arc  formed  in  all  eases  when  aloo- 

liol  tirutes  with  bodici  which  are  rich  in  oxygen,  and 

jrliich  readily  part  with  It,  as,  for  instance,  chromic 

leidj  nitric  acid,  blaek  oxide  of  manganese,  sulphuric 

*aeid,  &c. 

It  may  now  also  be  easily  explained  how  vinegar  is 

^produced  from  wood  by  dry  distillation-     Wood  eon- 

^Bists  of  Ci  H^  O4;  acetic  acid  of  C*  11^  0„  or,  if  inultL- 

plied  by  IJ,  of  C,  Hj  O,^,     Coni=!equeiitly,  it  is  only 

to  abstract  a  little  hydrogen  and  oxygen  from 

^tb©  wood,  in  order  to  transfer  it  into  acetto  acid 
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513*  Acet^le.  —  Aldehyde  and  acetic  acid  niay,  like 
ether  and  alcohol,  be  regarded  as  conibinatioua  of  aa 
organic  radical.  Thi^  radicai  b  called  acetyk  (Ac),  and 
it  IS  assained  to  be  composed  of  four  atoms  of  carboti 
ind  three  atoms  of  hydrogen  (C*  Hj),  Accordingly, 
'aldehyde  {C<  H,  O^)  is  the  same  as  hydrated  oxide  of 
acetyle  ( Ac  +  O  +  H  O) ;  acetic  acid  (C»  H,  O,)  b  the 
same  as  oxide  of  acetyle  ( Ac  -j-  3  O). 

Acetyle  belongs  to  the  class  of  radicals  formmff 

514  Properties  cf  Vinegar^ — Vinegar  is  an  acetic 
acid  dtlnted  with  much  waterj  and  frequcotly  mixed 
also  with  foreign  substances,  which  it  obtains  from  tlie 
malt,  fruit,  uniie,  &c,j  from  which  it  is  prepared.  The 
esteemed  yellow  or  brownish  color  is  often  imparted  to 
it  artificially  by  burnt  sugar,  or  extiuct  of 
^  chicory.      The  vinegar  which  oociu^  in 

I  commerce  under  the  name  of  wood*spirit 

J  4  contains  in  every  hundred  nieaaure«i  froip 
^  *^  eight  to  twelve  measures  of  acetic  acid, 
Wine-vinegat  from  six  to  eight,  and  com* 
mon  table  vinegar  only  from  two  to  five ; 
the  rest  is  water.  In  order  to  aiicerUia 
the  strength  of  vinegar^  we  adopt  a  coarse 
Bimilar  to  that  used  in  testing  carbonate 
of  potassa  (§  202) ;  that  is,  we  examine 
how  much  of  some  base  (ammonia  U  the 
beat)  a  fixed  quantity  of  it  m  able  to  oea* 
tralize.  Glass  cylindrical  jars,  con^tructi  '  '  r  '  "  ,  ir- 
pose,  and  divided  into  degrees,  are  called  ■ 

If  vinegar  is  allowed  to  remain  for  some  time  exposed 
to  the  air,  it  begins  to  dt^compose  (to  pnirt-r  *  i^ 

much  the  more  readily  the  wt^aker  it  is.     Tit  =  iii- 

cated  sometimes  by  a  white  film  {m^ukt)^  sometiiDcs  by 
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the  sepamtJDti  of  gelatinous  matter  (vineffar  Tmiher}^ 
sometimes  by  the  genemtioti  of  iiifuBorla^  which  can 
often  lie  distinguished  by  the  naked  eye  when  a  glass 
of  vinegar  is  held  towards  the  sun  {vineg^ar  eels),  Fnr- 
ther  decomposition  may  be  arrested  for  a  time  by  boU* 
log  the  vinegar,  * 

Vinegar  is  somewhat  less  voluiih  than  water.  When 
it  is  distilled,  first  a  weaker,  and  fiaaliy  a  itrongcrj  col* 
orless  vinegar  passes  over  {distilUd  vinegar)^  and  the 
foreign  non-volatile  mixtures  remain  behind. 

When  vinegar  is  exposed  to  the  coldy  the  water  con- 
tained in  it  is  frozen  before  the  acetic  acid  is ;  hence, 
weak  vinegar  may  be  made  stronger  by  partial  freezing, 
pWine,  wbeti  exposed  to  the  cold,  acts  in  the  same 
manner. 

To  impart  to  vinegar  a  more  pungent  or  more  add 
taste,  such  substances  as  Spanish  pepper,  pellitory  root| 
and  indeed  sulphuric  acid,  are  sometimes  added  to  it 
The  latter  adulteration  may  readily  be  detected  in  th^ 
following  manner. 

Ejcperifnetii,  —  Fill  a  jar  half  full  of  water^  anc 
place  upon  it  a  cup  containing  the  vinegar 
to  be  tested,  together  with  some  grape* 
sugar;  then  let  the  jar  remain  on  a  hot 
stove  till  the  vinegar  has  evaporated.  If 
the  residuum  is  of  a  black  color,  then  the 
vinegar  cotitaius  sulphuric  acid.  When 
heated  over  hot  water,  the  vinegar  only  is  volatilisted, 
while  the  sulphuric  acid,  if  any  is  present,  remains  be- 
hind, and  finally,  when  all  the  aqueous  particles  have 
vanished,  attains  such  a  strength,  that  it  decomposed 
the  sugar  and  chars  it 
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COXVEBBION  01  STJGiUl  INTO  I^CTIC  ASD  BXJTTmC 
ACIDS. 

515*  If  an  open  vessel,  containing  some  expressed 
jaiee  of  the  beet,  is  put  in  a  warm  place,  where  it  will 
be  heated  to  betweeti  30^  and  4(P  C,  the  becl»jtiice  will 
enter  into  fermeiitation,  in  the  same  manner  as  la 
1 482;  but  when  the  fermentation  is  finished,  notwitb- 
standing  that  all  the  sugar  has  disappeared,  we  do  not 
find  any  alcohol  in  the  fennented  liquid,  btit  a  pectillar 
add  {Liciic  acid)^  and  a  muellaginous  gummy  sub* 
stance*  This  process  of  decomposition  has  been  catted 
viueiia^mym  fermeiUation ;  it  very  remarkably  iUtUH 
irmtes  the  extremely  different  kinds  of  deeompoaitioii 
of  one  and  the  same  organic  substance,  according  to 
the  temperature  at  which  the  decomposition  takes 
place*  At  a  ternperatufc  of  from  10^  to  20^  CL,  the 
beet-jnice  entered  into  spirituous  lermentation,  and  il< 
sugar  WES  resolv^  into  carbonic  add  and  alcohol ;  at  a 
higher  temperature  it  likewise  fermeuted,  but  in  thia 
case  the  sugar  is  converted  into  carbonic  acid,  lactic 
add,  gttm,  and  some  other  products. 

The  sugar  contained  in  many  '  '        '    f.m 

likewise  undergoes  a  similar  cli  i  .         -e  are 

mixed  with  sajt^  and  kept  for  some  time  iji  ^  compressed 
state.     The  acid  taste  which  we  pr  i  .     "  *  d 

cabbage,  beans,  gherkins,  4mC,  is  o\v  i  ^  ^  ^    ,  ^     o 

taciic  acid^  which  is  formed  in  the«e  mhstaiioes  in  % 
way  not  :^       ''  '  '     '        ■''      ted. 

But  Lh  ^  utiy  tind  in  Urn  above- 

mentioned  pickles  anotlieri  called  huljfric  acidf  which 
imparts  to  them  their  peculiar  odor.  This  add^  it 
Beems,  may  also  be  producx'd  by  the  metamorphosiji 
of  Togetabie  mucu%  for  It  is  alwayi  generated  when 


I 
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K^gctable  miicilagitious  substances  —  for  instance,  al- 
[thaea-root-^  quince-cores,  linseecl,  &lg.  —  are  allowed  to 
f  l^main  for  some  time  in  water* 


rORMATION  OF  AI^COHOL,  ACETIC  ACID,  AND  LACTli 
ACtD,  ON  TUE  BAKmO  OF  BHEAD. 

516,  MeaL — ^The  seeds  of  the  varioas  kinds  of  grain 

which  we  use  in  the  preparation  of  meal  and  bread 

.contain,  as  principal  consfituents,  starch  and  ^luteri^  and 

'also  a  little  sugar.     On  grinding  the  grain,  tlie  husks 

and  the  parts  contiguoos  to  them,  which  are  rich  in 

,  oily  matter  (nitrogen  and  phosphate  of  lime),  separate, 

[©onstituting  the  bran^  and  there  is  left  from  the  inner 

[whiter  mass,  called  the  albuminoon  substancei  the  meat. 

[The  ghiten  is  tougher^  and  more  diflicalt  to  grind,  (han 

[tlje  starch  ;  this  explains  why  the  finer  whiie  mcai^  ob- 

|<ained  by  repeated  sifting  (bolting),  is  richer  in  »iarcf$^ 

while  the  coarser  and  darker  meal  is  rieker  m  g-lutetL 

The  nutritive  property  of  meal  is  to  be  ascribed  to  the 

azotized  gluten ;  unbolted  meal,  and  bread  made  of  it,  are 

accordingly  more  nutritive  than  white  meal  and  white 

bread,  but  at  the  same  time  less  digestible  (soluble). 

Experimenl, — ^Mbt  some  flour  with  lukewarm  water 
to  a  thick  paste,  cover  it  with  a  board,  and  let  it  remain 
for  eiglit  or  ten  days  in  a  warm  place*  The  paste  is 
gradually  altered,  and  two  distinct  periods  may  be  ob- 
ser^^ed  during  the  change.  In  the  first  place,  on  the 
second  or  fourth  day  bubbles  of  air  are  evolved  from  it, 
having  an  acid,  unpleasant  smell,  and  the  dough  now 
possesses  the  capacity  of  converting  sugar  into  tactic 
ad*/,  as  may  be  readily  perceived  by  adding  a  little  of 
it  to  some  sugared  wmter,  and  letting  it  stand  in  a  wann 
olaee.  Aftar  six  or  eight  days  the  dough  acquires  m 
45 
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'^SBsSL  rnd  x  !iinr 
"ion  ii'  *assr.  Jke  jpn;s? :  "iiac  i&  ir 
3dan  }t  "he  foirir  jira  licnkai  (am 
-hi*  xoTurh  ^  iilciw*fi  m  Hnnct  jer  Ijiuibibl.  ic 
inir??  in  iciii  "ss^.  irxr  "TTxicii  aow  jiuuuils  fim  the 
xTTTzr  znd  jxtn  -^cTzicii  "ize  ifmimi  jrevruiiBly  ceonatied 
.zrumoilj  lases  Tn?  Jene^a).  Ixi  -jm  acxoe  xc  mtso 
^rsaxBs  \  ajim.Liufis  xsnenacuii  in  sajeaed  wiixxz  fane 
"ins  •HJiririinng  ■f*r*ripnnirinii  mnnprfinrnrfy  pttSRS  over 
Lnro  "he  ir?ct.  intn  rnteT'ir  pirJUEtitnu  &  s  ub^iuuSf, 
-RJiii  'WTSLZ  139  J  re*  uuuELT  icfSL  scEOstL  thffc  ihe  ifinBuit 
icriuns  Tt  "iie  jonr.  "viufn.  in  x  fcazK  at 
Tpan  The  Hispz:  fepend  ipoa  The  ilhnimmna  : 
•im  isiaiBn.  Tonnnned  in  -isR  innrz  coiifleqaeBctr.  wv 
Trignr  ^ail  "iie  ^ii^rnij  lireged  g*mi!?i  i  lactic  aod  fep* 
:zie!ir.  "bar  "vincii  is  3U3rc  xjispsti  m  alcchci.  fermmc 
mii  "har  -iriica  is  «riil  niriier  licerrf  x  toxcztt  Sshloil. 
-jL7.  Br^uL  —  Wiar  "ins  •nifpy  place  siowly  pr>- 
:sf*?fs  Tnaiiflj  in  *ne  Tingrng  fji  bread,  ance  x  fermeBC 
!s  larpcseiT  uiiied  -^  ±e  £nir.  ^viiica  baa  been  scnred 

ID  "VLlh    V'lDkZ. 

Li  The  mairng  ct  -JwbiLe  brmi.  dke  sor&ce  jeast  cpf 
beffT  is  iscff  IS  l  5;r!neiir :  difsw  as  is  known,  b  die  mosc 
pcw^rfil  ilcchcl  r^^ment.  The  sogar  contaizied  in  the 
•neal  is  innv^Y  re^Ted  into  alcohol  and  carbonic  acid, 
Trbich  *in2Z?e  za  «scapp-  wbeigby  the  tocgh  mass  of 
iomri  i^  dismregnted.  ^shi  rendered  li^ht  and  poroos 
'  rising  of  ti*f  djms^ ;.  These  scbscances*.  tosecher  with 
afacTC  half  the  wxscr  employed,  rolxnlize  br  the  npid 
hrariTTg  in  an  oren.  having  a  temperainre  of  from  160° 
to  1SI>=  C«  and  die  eeOoIar  partrdofs  of  the  baked 
bnad  atain  sock  a  soGcfitr,  that  ther  retain  their 
Smut  <"  *^ett  after  cooling.    Bat  if  the  heat  of 

ttr  ■aent,  or  the  doogh  is  too  watoy, 
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tlu'n  the  partitions  harden  too  slowly,  and,  on  the  mc^pe 
of  the  rarbonic  acidj  collaps*ej  or  run  into  each  other 
{slack  bid'ing-).  This  happens  most  frequently  with 
dark  breati,  eincc,  in  ct>nsequenee  of  its  amoiint  of 
gluten»  it  retains  the  watcrr  more  obstinately,  and  ac* 
I'ordingly  dries  and  hardens  more  slowly,  than  whi*a. 
bread,  in  which  the  starch  is  more  abundant 

Leaven  is  commonly  used  as  a  fennent  in  the  prep* 
aration  of  black  bread.  There  is  formed^  daring  the 
process,  besides  alcohol  and  carbonic  acid,  a  little  acetic 
and  lactic  acids  (perhaps  also  some  batyria  acid),  which 
communicate  to  the  bread  an  add  taste.  From  three 
pounds  of  dour  we  obtain  about  four  pounds  of  bread ; 
consequently,  a  qnarter  of  the  bread  consists  of  fixed 
water.  The  light,  porous  bread  dissolves  easily  in  the 
itomach;  wo  say  that  it  is  easily  digestible,  and  that 
the  compact  heavy  bread  is  difficultly  digestible, 

518.  It  m  known  (§458)  that  starch  is  converted,  by 
roasting,  into^'^wm  (dextrine) ;  a  part  of  the  starch  un* 
dergoes,  also,  this  change  in  the  oven,  particularly  on 
the  surface  of  the  baked  bread,  which  receives  the 
strongest  heat  from  the  roof  of  tlie  oven.  If  the  crust 
of  tlie  hot  bread  is  robbed  over  with  water,  and  the 
bread  is  then  replaced  for  a  few  minutes  in  the  oven, 
some  of  the  dextrine  is  dissolved,  and  forms,  after  the 
evaporation,  the  lustrous  coating  which  we  see  on 
loaves  of  bread,  and  rolls. 

519,  Carbonic  acid,  as  applied  to  the  rising  of  breads 
may  be  more  or  less  advantageously  generated  in  othei 
ways  than  by  the  fermentation  of  sugar;  indeed,  quite 
other  substajices  may  be  used  for  the  purpo&e,  such 
as  those  w^hich  become  aeriform  ou  the  applicatioii  of 
Ueat 

ExperimetU.  —  Mix  intimately  together  two  grains  of 
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finely  pnlveiized  bicarbonaU  of  soda,  and  a  diam  and  a 
half  of  floor,  and  knead  the  mixtoie  into  a  doagh  with 
one  dram  of  water,  to  which  foor  drops  of  common 
muriatic  acid  have  previously  been  added*  Let  tte 
dough  remain  for  some  time  in  a  warm  place,  and  then 
bake  it  on  the  hot  flue  of  a  stove,  or  in  a  spoon  over 
an  alcohol  lamp.  A  jSorous  mass  of  bread  is  obtained, 
because  the  carbonic  acid  of  the  soda  salt  is  expelled 
by  the  muriatic  acid,  and  raises  the  dough  while  it  is 
yet  soft  The  common  salt  which  is  formed  remains 
behind  in  the  bread,  and  imparts  to  it  a  saline  taste. 
This  method  has  been  introduced  in  many  places  for 
making  bread,  cake,  &c.  on  a  large  scale. 

ExperimerU. — Rub  a  dram  and  a  half  of  flour  with 
some  grains  of  carbonate  of  ammonia^  and  then  knead 
it  with  a  dram  of  lukewarm  water  into  a  dough,  and 
treat  it  as  in  the  last  experiment.  In  this  case,  also,  the 
mass  will  become  light  and  porous  after  the  rising  and 
baking,  because  the  carbonate  of  ammonia  (salt  of 
hartshorn)  is  rendered  aeriform  by  the  heat,  and  during 
its  escape  the  particles  of  the  dough  are  forced  asunder. 
In  this  way  the  bakers  usually  prepare  their  light  and 
spongy  cakes,  as,  for  instance,  spice-cakes,  &c.  AlcO' 
hoi  and  rum,  which  are  sometimes  kneaded  with  dough 
to  promote  the  rising,  act  in  a  similar  way. 


RETROSPECT  OF  THE  CHANGES  OF  SUGAR  AND 
ALCOUOL. 

1.  Sugar  is  converted,  — 

a.)  By  the  loss  of  oxygen  and  hydrogen,  into  water 
and  brown  substances  rich  in  carl>on. 

b.)  By  the  addition  of  oxygen,  into  saccharic  acid, 
oxalic  acid,  and  water,  and  finally  into  carbonic  acid 
and  water. 
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c.)  By  canfact  with  azodsed  stibstanees  at  a  low  tem- 
perature,  into  (rich  in  hydrogen)  alcohol  and  (rich  in 
fijxygen}  earbotiic  acid  (spirituous  fermentation). 

d)  By  contact  with  azotized  bodies  at  a  somewhat 
Jugher  temperature,  into  lactic  acid,  mannite,  and  many 
othef  substances  (mucilaginous  fermentation). 

2,  By  the  changes  mentioned  under  c  and  d,  the 
asotized  body  h  also  simultaneously  transformed  into 
new  combinations  (yeast,  ammoniacal  salts,  &c-). 

3,  The  conversion  of  the  sugar  into  alcohol  and  car* 
bonic  acid,  and  that  of  the  azotized  body  into  yeast, 

I  take  place  at  a  low  temperature  slowly  (bottom  ferraen* 
'  tation),  at  a  higher  temperature  rapidly  (surface  fermen- 
I  tation), 

4,  Hitherto  alcohol  has  been  prepared  only  by  this 
methodi  namely,  by  the  fermentation  of  sagan 

6.  Starch  is  indeed  used  for  the  roanufaeture  of  alco- 
ho!|  but  it  must  always  be  previously  converted  into 
sugar. 

6*  Akahal  is  converted,  — 

a.)  By  the  loss  of  all  its  oxygen  and  some  hydrogen, 
into  elayle  (olefiant  gas)  and  water. 

b.)  By  the  loss  of  some  oxygen  and  hydrogen,  into 
oxide  of  ethyle  (ether)  and  water;  this  oxide  of  ethyle 
can  combine  as  a  base  with  acids  (compound  ether?). 

€,)  By  the  addition  of  oxygen,  into  aldehyde  and  wa» 
ier,  and  by  still  more  oxygen,  Into  acetic  and  other  acids. 
If  wo  follow  the  process  of  oxidation,  as  it  proceeds,  we 
i  shall  observe  the  following  order  of  changes :  — 

From  tlcohol   aad  oxjgeii  me  formed  aldehjrie  and  wxler  j 


nidehjde  and  oxjgijn 

ftcctiG  odd  and  <>xt^ii  ' 
iumle  Rdd  tmd  oxj^gm  * 
oulk  Mid  afid  OK^geE  * 
45* 


■c«tic  aeid ; 
fbrmie  acid  and  water  [ 
oxaJk  add  und  watBt| 
eorbome  add. 


7.  The  last  prod  acts  of  this  proeess  of  oiddation  ttm 
cDiiBequently  those  into  which  the  ajcohot  posses  when 
it  burns  up,  namely,  carbonic  acid  and  water* 

§•  So  gar  belongs  to  the  organic  compounds  rich  m 
carbon,  alcohol  to  those  rich  in  hydrogen^  acetic  and  tbe 
other  acids  to  those  rich  in  osjgeji. 


i 


IX    FATS  AND  FAT   OILa 


520.  Experiment.  —  Break  open  an  almond,  and 
equeesse  the  white  meat  together  by  meaas  of  the  finge^ 
nail ;  small  djops  of  flnid  will  be  expressed,  vrhich  are 
slippery  to  the  touch,  and  render  blotting-paper  greafiy 
and  transparent.  This  liquid  is  called  oU  of  almonds. 
H  the  almonds  are  fifst  pounded,  and  then  subjected  ia 
a  doth  to  strong  pressure,  we  shall  obtain  mofe  tJiaa 
one  fourth  of  their  weight  in  oil  of  almonds*  A  great 
many  plants  contain  a  similar  oily  juice,  eapectally  io 
their  seeds^  and  from  many  of  the  latter  oils  are  ob- 
tained by  pounding  and  expressing.  The  term  Jot  mk 
has  been  given  to  this  kind  of  oils,  because  they  are 
unctuous  to  the  touch,  and  thick  flowing.  They  occur, 
but  less  abundantly,  in  almost  all  plants,  ev<ai  in  tboM 
where  we  should  not  expect  to  find  any  ;  for  iiistan 
in  different  grains,  grasses,  6cc* 

521.  Ejcperimmit^  —  BoU  some  fat  pork  cut  up  mt 
small  pieces  for  some  tjmt  in  a  little  water,  aod 
while  the  soft  mass  is  yet  hot,  strain  it  through  a  Uneo 
cloth ;  a  fat  oil  will  float  on  the  surface^  but  it  is  fluid 
only  at  a  temperature  of  about  30^  Q ;  below  this  tem- 
perature it  congeals  into  a  solid,  yet  soft,  white  sub- 
Btance.     This  is  also  lubricating  to  the  touch,  and  pro- 
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dneea  greasy  spoU  on  paper*  Such  kinds  of  fat,  which, 
at  tlie  common  tempcraturej  ha%"e  a  soft  unctuous  eon* 
BiBtency,  are  called  lard^  or,  improperly^  fai;  and  tlie 
cellular  membrane  and  skjn  remaining  in  the  cloth,  and 
saturated  with  fat,  are  called  »crap$, 

532.  The  suet  of  mutton,  when  treated  in  the  same 
way^  yields  a  fat  which,  when  hot,  is  also  fluid,  like  oU^ 

'but  which,  when  cooled  only  to  about  36^  C,  congeals, 
and  tlien  forms  tallow^  a  still  harder  substance  than 

^lard.  By  boding  and  roasting,  we  can  melt  out  fat 
5fom  all  animal  substances,  especially  from  those  of  the 
domestic  animaU,  in  which  wo  are  able  to  produce  a 
great  quantity  of  fat  by  keeping  them  confined,  and 
giving  them  a  plentiful  supply  of  food.  The  fats  ob- 
tained by  boiling  with  water  are  white,  as  thereby  they 
do  not  become  heated  above  100^  C. ;  while  those  ob^ 
tained  by  roasting  have  a  yellow  or  brown  color  (brown 
butler^  gravies  of  roast  meat,  &c*),  because  in  this  case 
a  portion  of  the  fat  becomes  burnt  by  being  subjected 
to  a  stronger  heat,  — to  a  heat,  perhaps,  even  above 
30<P  C.  In  a  strict  aensej  animal  fats  belong  to  the 
last  division  of  this  work,  but  they  agree  in  their 
properties  so  exactly  with  the  vegetable  fats,  that  the 
subject  will  be  rendered  more  intelligible  by  consider- 
ing thein  together  under  the  same  head* 

The  fats  of  vegetables  are  mostly  liquid  (fat  oUs), 
those  of  the  carnivorous  Mammalia  and  of  birds  are 
eoft  (lard),  and  those  of  the  rumiuatitig  Mammalia 
aard  (tallow). 
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PROPERTIES  OF  PATS* 


623.  ExpenmeM.—  Rub  a  little  fat  upon  paper,  and 
place  it  upon  a  hot  stove ;  the  grease-spot  will  not  dia* 
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appear,  however  long  the  paper  may  be  heated| 
tkefai^  are  twt  volalile* 

FaU  not  only  spread  with  great  eii^e  on  papery  bot 
also  on  all  other  porous  substaDcei ;  a3,  for  ijistanorf,  on 
wood,  leather,  ike*  Since  the  fats  remain  soft  for  a  long 
time  in  the  interior  of  tlieae  substances,  we  possess  ia^ 
them  means  for  rendering  Sexible  substances  ^pplc 
and  of  maintainmg  them  in  this  state.  For  this  reason/ 
leather  harnes8es  and  shoes  are  greased  from  time  to 
time ;  and  for  the  same  reason,  alsOj  the  leather-dresser 
impregnates  his  lamb-skins  with  fish  oil  in  the  fulling* 
mill,  to  give  them  greater  softness  and  pliab'tlity  when 
they  are  worked  up  into  gloves,  &c;  That  clay  ami 
loam  have  a  great  power  of  absorbing  fat  is  obvious, 
as  these  substances  are  able  to  draw  out  again  the 
grease  that  has  been  soaked  into  wood  or  paper.  Thin 
substances  acquire  a  greater  transparency  when  their 
pores  are  filled  with  fat  instead  of  air;  common  paper 
is  rendered  in  this  way  so  transparent,  that  it  may  be 
used  for  tracing  and  for  transparencies, 

524.  The  iB^isJhai  upon  waicr;  they  have  accordingly, 
a  less  speciiic  weight  than  water.      On  aiceoQat  of  it 
property,  tbcy  may  bu  used  for  excluding  air  from  othc 
bodies.     A  solution  of  gretm  vitriol  speedily  attract] 
oxygen  from  the  air,  and  deposits  brown  hydrated  s«t?ff- 
quioxide  of  iron  (§  295);  but  it  remains  unchanged  vvhei 
it  Is  covered  with  an  oily  film.    Freshly  expressed  h^moE 
juice  soon  moulds  in  the  air;  it  does  not  uiouhl  undc 
a  covering  of  oU.     Preserved  fruits  keep  much  lofi 
when  melted  butler  is  ponred  over  them. 

Fats  are  imoiuble  in  water  ;  hence  they  may  be 
for  protecting  other  bodies  from   being  penetrated   hy 
water.    By  greafsing  with  tallow  or  faf^  we  render  auTi 
ehue-leatlier  iiuperviomi  to  moisture;  by  oiling,  we 
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Tent  the  niatiitg  of  iron  in  the  damp  air;  and  by  a 
coating  of  Unseed  oil,  or  liaseed-oil  varnisbj  we  guard 
against  the  pene! ration  of  dampness  into  wood,  saJlS| 
cordage,  and  their  consequent  rapid  moulding  and  rot- 
ting- Lumber  and  timber  Ba titrated  with  oil  remain^ 
as  has  been  shown  by  late  experimentSs  unchanged  in 
the  rnoi^i  earth,  while  common  wood  is  frequently  de- 
stroyed by  pntrefaclioii,  iu  the  course  even  of  a  few 
ream. 
525.  £fHi4hkm,  —  Ej:periiiwnL  —  Shake  some  oil  and 
ater  briskly  together  in  a  teat-tube ;  the  oil  separates 
ito  small  drop:*,  and  renders  the  water  milky;  but  on 
juietly  standing,  it  soon  rises  again  to  the  surface.  It 
is  kept  in  suspension  in  the  water  much  longer  when 
some  mucilaginous  substances,  such  as  gum  or  albu* 
men,  are  contained  in  the  water ;  as  may  be  seen  by  trit^ 
urating  some  oil  with  albumen,  yolk  of  eg^,  or  a  thick 
Bolution  of  gum  Arabic,  and  afterwards  gradually  add- 
ing water.  The  milky  fluid  thuB  obtained  is  called 
an  emuhion  {oteag-imms  enwhion)^  and  the  oil  in  it  wiU 
not  separate  from  the  water  till  after  some  days. 

MvperimenL — A  second  mode  of  preparing  emu] 
tioas  consists  in  bruising  seed  rich  in  oils,  such  as  aU 
monds}  or  rape-seed,  in  a  mortar,  and  gradually  adding 

.water.  In  all  these  seeds  mucilaginous  and  albumi* 
aous  substances  are  present,  which  are  dissolved  by 
water,  and  effect  a  fine  division  of  the  oil. 

We  have  a  natural  emulsion  in  the  milk  of  milch  aui* 
mab*  Cow's  milk  is  turbid,  because  the  butter  floats 
about  in  it  in  small  globules,  invisible  to  the  naked  eye ; 

Lthese  globules  of  fat  are  kept  suspended  in  the  water 
E^cauao  a  body  similar  to  albumen — ^the  easeine — ^ifl 
dissolved  in  the  milk.     On  longer  standing,  the  caseine 

Ibaootne^  insoluble  (it  coagulates),  and  the  lighter  battel 
ct^,  as  cream,  upon  the  surface  of  the  milk.  _ 
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526,  Drying  Oils  and  UmiMoxn  Oih,  —  Ktperiment^ 
tub  upon  a  copper  coin  a  drop  of  Unseed  oil,  upon 
^another  a  drop  of  olive  oil,  and  let  them  both  n'maiii 
for  ©everal  days  in  a  warm  place ;  the  Unseed  oil  will 
dry  up  into  a  resinous  mild  mass,  while  the  oli%*e  oil 
will  remain  ^emi/.  iVll  oiis  absorb  oxygen  from  the 
air,  and  become  thereby  thickerj  and  also  acquire  a 
*V  ible  smell  and  taste  (rancid) ;  but  there  id  an 

t  1 1  ilUR-rencc  bctwccu  them,  as  many  oib  become 

perfcclly  hard  and  dry,  while  others,  on  the  eontraryi 
remain  soft  and  sticky*  Accordingly,  oib  ar  *  *'4 
into  two  classesj  into  df't^ing  mid  unctuous  n  iid 

former  may  also  be  called  varnish  oiln,  as  they  arc  par- 
acularly  adapted  for  varnishing.  The  latter  are  (*alli5d 
^unctuous  oils,  becauic,  when  it  is  de&ired  iiy  preheat, 
by  means  of  grea&e,  the  friction  and  heating  of  BoUd 
bodies^  theie  oils  remain  soft  and  nnctuous  moch  lotigtr 
than  the  drying  oils. 

527*  By  the  absorptloii  and  condensation  of  oxygen 
taJting  place  on  the  drying  of  oils,  heat  mi^^t  be  liberat- 
ed, a*4  in  every  condensation  of  an  aeriform  body  to  a 
liquid  condition-  Under  some  cin*umstances,  as  when 
freshly  oiled  or  varnished  substances,  such  aa  wool,  , 
iineo,  &c*,  are  dosely  heaped  together  in  large  maases, 
this  heat  rises  to  such  a  degree,  that  !q}OAkmeoits  com* 
bmtkm  occurs ;  therefore  it  is  not  prudent  to  lay  such 
articles  too  closely  upon  each  other,  biifore  they  have 
became  thoroughly  dry* 

CHAKOES  OP  FAT  BY  HEAT. 

imenL  —  Heat  fiome  Umsecd  oil  over  an 
Se,  and  lest  th^-  *..r-.M,--^,-^.^  .>r  u  .,,..^.;,.f^. 

Uy  by  ft  thermometer.     .,  ii 
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100^  C.J  and  remains  for  some 
time  at  that  temj>cratnre,  dur- 
ing which  time  the  oil  boiJs 
mcMlerately ;  this  behaviour  is 
occasioned  by  all  crude  oil 
M    il  containing    watery   particles, 

U  which  evaporate   at   100^   C, 

C^^^^  As   soon    as  lhe§e    have  vol- 

^I^F  atilized,    the  temperature    is 

^^  suddenly  elevated  even  above 

30CP  C,  when  the  oil  begins  to  boil  for  the  second 
time,  but  emitting  now  a  white  smoke  having  a  very 
disagreeable  odor.  This  vapor  consists  of  decom- 
posed oil,  principally  of  illuminating  gas,  and  bums, 
when  kindled,  with  a  brisk  flame;  fats  are  acc-ordingly 
combastWlej  but  only  at  a  temperature  sufficiently  high 
to  effect  their  chemical  decomposition. 

Illuminating  gas  Is  frequently  prepared  on  a  large 
scale  from  oilsj  by  causing  them  to  drop  upon  a  red-hot 
iron  vessel,  from  which  the  gai*  generated  [ail  g'as)  is 
conducted  by  a  pipe  into  a  receiver  {g^asamHer)^ 

629-  Every  lamp,  every  candle,  is  an  illuminating- 
gas  apparatus  on  a  small  scale.  But  in 
this  case  the  combustion  takes  place  only 
with  the  aid  of  an  easDy  combustible  body, 
the  wick.  When  a  fresh  candle  is  lighted, 
the  cotton  of  the  wiek  first  inflames,  and 
the  heat  thus  produced  is  sufficient  to 
melt  the  taUow  its  contact  with  the  wick. 
The  melted  tallow  now  ascends  by  capil- 
lary attraction  (§  IfH^),  through  channels 
formed  by  the  fibres  of  the  cotton  lying  be* 
side  each  otherj  and  in  these  channels  it 
baeomes  heated  by  the  flame  to  a  temperature  of  above 
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30(P  G,  and  consequently  m  decofnporod  into  iQtimi- 
iM^liog  gas.  Whale  diI,  rapeseed  oil,  o!l  of  colxa, 
olive  oil,  tallow,  and  wax  ore  most  Creqtientlj  used 

530*  Ej^rinteni.  —  Let  eotne  drops  of  water 
from  a  shaving,  that  has  been  dipped  in  water,  iatii 
some  oil  burning  in  a  spoon;  the  oil  ipatters  abooti 
mm  the  heavier  water  sinks  in  it  and  is  suddenly 

'eoflverted  into  vapor,  which  ejects  the  oil  Bnriiing  fiit, 
such  as  varnish,  lardt  &c.,  should  therefore  never  be 
quenched  with  water;  but  the  quenehliig  may  be  done 
easily  and  without  danger^  if  the  ves&cl  is  covered  with 
a  board  or  a   piece  of  sheet-iron,  thus  excludiiig  the 

jaiTt  which  is  requisite  for  continued  combui<iion. 

531,  As  in  wood  (§  120),  so  also  in  fats,  the  hydro* 

[gen  barns  more  brbkly  than  the  carbon,  and  this  is 
the  reason  why  the  partly  burnt  oil  remaining  after  the 
extinction  is  richer  in  carbon,  and  has  a  darker  cokir. 
An  empyreumatic  oil  of  this  kind  is  kept  by  the  Euro- 

Ipean  apothecaries,  undtT  tbc  name  of  oil  of  bricks,  or 
philosophic  oil  On  yet  further  heating,  the  linseed 
ail  becomes  continually  blacker^  and  at  the  same  liroe 

r thicker,  so  that  it  finally  acquire-s  a  wcid  consigt^ncVt 
(factitious  bmiUmc),  and  when  mixed  with  soot  forms 
the  basis  of  the  important  prifUingHnk* 


COMPOSITIOK   OF   FATS. 

532.  The  similarity  in  the  combustion  of 
wood  indicates  that  they  have  a  similar  coir       Lt_  -a, 
Indeed,  both  bodies  possess  the  same  coastituents,  tmme- 

,1;.       ,:„.:    -.■,■....  ...     ..■,,,...,..    iv,  /--,„.,  ^  r  ,  -,}, 

livdrogen  and  loss  oxygen  than  wood     They  aooord- 
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ingly  belong  to  one  and  the  same  category  witJi  alcohol 
and  ctfier,  —  to  that  of  the  organic  bodies  which  are 
rich  in  water. 

533*  Stearins   and  Oleine, —  We   caimot,    however, 

ird  fats,  like  woody  fibre  or  alcohol,  as  hoHiogene- 

fous  bodies,  but  as  mixlures  of  setwral  more  nm pit  kinds 

'cf  fat^  into  which  the  fats,  without  being  chemically 

decomposed,  may  be  separated* 

Experimtiit,  —  If,  during  the  winter,  you  place  a  ves- 
sel eontaimag  lamp  oil  in  the  cold,  part  of  it  will  con- 
geal into  a  solid  mass,  like  tallow,  while  the  other 
part  reinains  flaid  ;  the  oil  is  accordingly  Bepamted  by 
_tlie  cold  into  two  fats,  one  solid  and  one  fluid*  The 
slid  fat  has  received  the  name  of  Hearine^  Ifie  fluid 
lat  of  oleine.  By  repeated  cooling,  the  greater 
»art  of  the  dtearinc  may  be  sepanited  from  the  oiL 
The  stearine  obtained  is  pressed  between  blotting- 
paper  as  long  aa  the  paper  absorbo  any  liquid  oil 
(oleine). 
Experiment — TNvist  a  wire  round  a  wide-mouthed 
vial,  in  such  a  manner  afl  to  form  two 
handles,  by  means  of  which  the  vial 
|S  may  be  suspended  in  a  jar,  which  is 

^^^Jlk  then  half  tilled  with  water,  and  heated 
hR^K/  upon  a  tripodi  Put  into  the  vial  one 
V  ^^g  dram  of  tallow  and  enough  strong  al* 
^^^m  oohol  —  absolute  alcohol  is  the  best^ — 

to  fill  it  three  quarters  full-  When  the 
contents  of  the  vial  boil,  remove  the  lamp^  and  lea  /e 
the  rial  in  the  water-bath,  till  the  melted  tallow  has 
again  settled  at  the  bottom,  and  then  |>our  the  hot  su- 
pernatant alcohol  into  a  beaker*gla»8.  Repeat  the 
boiling  three  or  four  times,  with  IVesh  alcohoi  Let  the 
itoohot  aland  for  some  hours  in  cold  watefi  ooirarcd 
46 
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over;  aflerwards  filter  the  liquid  lioni  the*  granular 
powder  that  has  separated,  wash  the  powder  several 
times  with  cold  alcohol,  and  dry  it  in  an  airy  place. 
This  mass,  which,  when  dry,  is  laminated  and  slightly 
lustrous,  is  the  slearine  of  mutton-tallow;  the  oleine 
must  be  sought  for  in  the  filtered  alcohol.  It  remains 
behind,  in  the  form  of  a  somewhat  thick  oil,  when  the 
alcohol  is  allowed  to  evaporate  in  a  cup  on  a  warm 
stove. 

As  is  obvious  from  these  experiments,  stearine  and 
oleine  farm  the  approximate  constituents  of  fat,  and  this 
is  the  reason  why  some  fats  are  hard,  some  soft,  and 
others  liquid;  the  solid  stearine  predominates  in  the 
former,  the  fluid  oleine  in  the  latter.  Pure  stearine  be- 
gins to  melt  at  60^  C,  pure  oleine  begins  to  solidify 
only  at  a  very  low  tempcmture.  One  pound  of  mut- 
ton contains  about  three  quarters  of  a  pound  of  stea- 
rine ;  one  pound  of  olive  oil  barely  a  quaHer  of  a 
pound. 

The  following  are  among  the  most  important  fats : — 

A.     VEGETABLE  FATS. 
a.    Drying  Oils  {Varnish  Oils). 

534.  Linseed  Oil  —  The  well-known  linseed  yields, 
on  being  subjected  to  pressure,  a  yellow  oil,  equal  to 
one  fifth  of  its  own  weight,  which  is  gradually  bleached 
by  long  exposure  to  the  sunlight.  It  is  most  frequently 
used  in  oil  varnishes. 

Experiment. —  Add  to  an  ounce  of  linseed  oil  a  quar- 
ter of  a  dram  of  litharge,  and  half  a  dram  of  acetate  of 
lead  ;  put  the  mixture  in  a  warm  place,  and  frequently 
shake  it  The  liquid,  clarified  by  settling,  now  dries 
much  quicker  than  it  would  have  done  before ;  it  is  the 
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.eDmmon  Hme^d-oii  varnhk^  which,  mixed  \dlh  colors^ 
F'is  gencmlly  iisetl  for  imparting  a  gloss  to  wood,  metal, 
&c*     The  RO'callo<I  oU-cIoth  is  cotton  cloth  smeared 
with  colored  \^anHfili;  oil-silk  is  varnished  ?ilk.     This 
varnisii  13  commonly  prepared,  on  a  large  scale,  by  heat- 
ing one  hundred  poundi*  of  linseed  oil  with  one  pound 
of  lithnrgr,  nnd  mnintfiJiiingthc  mixture  for  an  hour  at 
a  temperature  of  100^  C.     A  stronger  heat  renders  the 
varnish  darker  and  thieker,  aod^  besides,  might  easily 
canse  it  to  boil  over  and  take  fire.     The  slimVt  dingy 
livhite  sediment  whieh  remains  after  both  processes  19 
[a  combination  of  mucilaginous  substances  wlih  oxide 
[lof  load.     All  oils  contain.  In  tlie  nnpurified  state,  mu- 
cilaginous (gummy  and  albuminons)  substanees,  which 
retard  the  drying;  these  are  rendered  Insoluble  by  oxide 
of  \vm\.     Varnish  is,  accordingly,  linseed  oil  free  from 
mucilage. 

By  kneading  together  llnseed-oil  varnish  and  chalk| 
wc  obtain  a  plastic  doitgh,  common  putty* 

Hemp  oiij   from    hemp-seed,   of    a   yellowish-green 
color,  is  also  used  iu  the  prepamtion  of  varnish,  and 
ijikcwisefor  bnniing,  and  for  the  manufacture  of  green 
soap. 

^ppif  oU^  from  poppy-seeds,  serves  as  a  table  oil, 
find  for  the  preparation  of  a  very  clear  varnish. 

Ca$t<^r  oil  J  from  the  seeds  of  the  castor-oil  plant,  ii  a 
purgative  medicine. 

Oil  h  also  obtained  from  pumpkin-seeds,  walntitej 
smiflower-secdi^,  &€, 

b*     Unctuous  Oils  {remmninff  viscous)* 

535.  Oil  for  &tfr/iiM«"  is  expressed  from  ^pe»eed 
In  order  that  it  may  burn  wilhout  depositing  toot  on 
the  wick,  it   must   be   refined,  that  is,  purified  from 
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its  slimy  parts.  This  is  done,  not  by  oxide  of  lead,  but 
by  sulphuric  acid. 

Experiment.  —  Mix  one  ounce  of  erode  rape  oil  with 
eight  drops  of  common  sulphuric  add,  and  shake  it 
frequently ;  in  half  an  hour  add  half  an  ounce  of  water, 
again  shake  the  mixture  brii^kly,  and  set  it  aside  for 
some  days,  when  the  oil  floating  on  the  surface  will  be 
freed  from  slime  (refined).  The  slimy  parts,  charred  by 
the  sulphuric  acid,  and  rendered  insoluble,  are  found 
settled  in  the  water  at  the  bottom  of  the  vessel.  The 
sulphuric  acid  yet  adhering  to  the  oil  is  removed  by  re- 
peated  washing  with  water.  Sulphuric  acid  chars,  as 
is  known,  all  organic  substances  (§173),  some  (for 
instance  mucilage)  easily,  others  (for  instance  oil)  with 
difficulty ;  if  just  enough  sulphuric  acid,  therefore,  is 
added  to  the  oil  to  char  the  mucilage,  then  the  muci- 
lage only  is  destroyed,  and  the  oil  remains  undecom- 
posed.  A  larger  quantity  of  sulphuric  acid  would  also 
attack  the  oil. 

Olive  oil  is  pressed  out  from  the  pulp  of  olives,  the 
fruit  of  the  olive-tree.  The  finest  cold-pressed  ProV' 
ence  oil  is  of  a  bright  yellow  color,  the  hot-pressed 
common  olive  oil  is  greenish ;  these  two  sorts  are,  as  is 
well  known,  universally  used  as  a  table  condiment, 
and  for  greasing  machinery.  There  is  a  thicker,  darker 
kind,  of  an  inferior  quality,  which  is  used  in  France 
and  Italy  for  the  manufacture  of  the  so-called  Naples 
or  Marseilles  soap. 

Oil  of  almonds  is  obtained  by  subjecting  sweet 
almonds  to  pressure.  Bitter  almonds  also  yield  by 
cold  pressure  a  good  oil  of  almonds,  while  by  hot  pres- 
sure an  oil  is  obtained  containing  prussic  acid. 

Oils  are  obtained  also  from  hazle-nuts,  bcech-nutS| 
plum  and  cherry  stones,  apple-seeds,  &c. 
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Coma-nut  oil^  from  tlie  meat  of  the  eocoatniitf  ia,  at 
average  tempcratureaj  as  soft  as  hog's  lard;  it  has  a 

wliite  color  and  a  somewhat  disagreeable  smell, 

Palm  oilj  a  yellow  fat,  similar  to  butter,  likewise  pro- 
ceeds from  the  fruit  of  a  apecies  of  palm-tree.  Its 
yellow  coloring  matter  is  removed  when  heated  to 
130^  a  (bleaching  by  heat)* 

Cocoa«nut  oil  and  palm  oil  are  now  maaiifactured 
into  Boap  in  very  large  quantities* 

The  following  kiadtj  of  fat  are  employed  in  phar- 
macy :  — 

Butter  of  cacao^  the  tallow-iike  white  or  yellowiah 
fat  of  the  cacao-nut,  the  cause  of  the  fat  particles 
which  rise  on  boiled  chocolate. 

Oil  of  mdmc^s^  tlie  yellow,  agreeably-smelling  fat  of 
the  nutmeg,  having  the  consistency  of  butten 

0*7  ijf  bay$^  tlie  beautiiully  green,  suet-like  fat  of  Oie 
berries  of  the  kuret-tree« 


B,  ANIMAL  FATS. 

53G*  Our  common  domestic  animals,  cows,  goats, 
and  sheep,  supply  us  with  several  kinds  of  fat;  —  n. 
harder,  white  kind  {tnlhw  or  met)^  which  lies  in  and 
over  the  flesh  ;  a  softer  kind,  generally  of  a  yellow  color, 
which  sepnratcs  from  their  milk  (butter);  and,  besides 
these,  there  ^e  the  fata  of  the  manow  and  the  feet 

Sta^'g^rease  is  white  and  hard,  like  mulion4allmo. 

Hog-^s  tartly  gome-grease^  tScc.^  are  well  enough  known- 
In  earlier  times,  when  it  was  believed  that  each  single 
animal  fat  concealed  within  itself  peculiar  properties, 
numerous  kinds  of  en  eh  fats  were  kept  on  hand  in  the 
apothecaries'  shops;  bnt  now,  plain  hog^s  lard  supplies 
the  place  of  ail  the  others. 
46* 
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537.  Fish  oil  is  tried  out  from  the  fat  of  whales, 
dolphins,  seals,  and  diflferent  fishes.  The  fat,  when 
melted  out  at  a  moderate  heat,  has  a  yellow  color, 
and  a  slight  odor,  which  is  not  disagreeable ;  but  that 
which  is  obtained  by  strong  heat,  or  from  fishes  that 
have  become  putrid,  is  of  a  dark-brown  color,  and  has 
a  very  disagreeable  odor.  Fish  oil  is  preferred  for 
greasing  leather;  it  is  likewise  used  in  medicine  and 
in  the  preparation  of  the  black  oil-soap. 

538.  Spermaceti  is  white,  sparkling,  and  so  hard  that 
it  may  be  rubbed  into  a  powder,  and  is  found  inclosed 
in  special  cavities  in  the  head  of  the  sperm-whale. 

539.  Wax  (cem)  occurs  in  small  quantities  in  aU 
plants,  especially  in  the  sliining  coating  of  the  leaves, 
stalks,  and  fruits;  for  instance,  in  the  skins  of  ap- 
ples, and  particularly  in  the  pollen  of  flowers.  Some 
plants  of  Japan  and  South  America  contain  so  much 
wax  that  it  may  be  separated  by  boiling  with  water 
and  by  pressure,  and  it  is  then  introduced  into  com- 
merce under  the  name  of  vegetable  or  Japan  wax.  But 
the  purveyors  of  our  common  wax  are  the  bees,  who 
gather  it  from  the  flowers,  and  use  it  in  the  building  of 
their  cells.  These  insects  may,  perhaps,  make  their 
wax  in  part  also  from  the  sweet  juices  of  the  plants  on 
which  they  feed,  for  accurate  experiments  have  proved 
that  bees  have  the  capacity  of  exuding  from  their 
abdominal  sacs  the  sugar  upon  which  they  feed,  con- 
verted into  wax.  The  yellow  wax  is  bleached  by  cut- 
ting it  into  shavings,  exposing  them  to  the  sun,  and 
frequently  watering  them.  The  yellow  wax  melts  at 
62^  C,  the  white  wax  at  70^  C.  Wax  is  not  only  used 
for  imparting  stiffness  to  thread,  and  in  the  manufacture 
of  candles,  but  when  dissolved  in  potash  lye  it  forms 
the  so-called  wax-soap,  employed  for  giving  a  gloss  to 
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Tariegated  paper  and  for  polbhing  floors,  and  when 

inked  with  oUa  is  made  into  plasters  and  ointments 

(cerates).     Paper  immersed  in  hot  wax  forma  a  good 

pmat^^rtal   for  covering   ves^eb,  to   protect  thera    from 

moltff are.     Turpentine  h  added  to  wajc,  in  order  to  ren- 

ider  it  more  pliant  and  tougherj  as  we  find  it  in  wax 

E«andies»  and  in  the  wax  used  for  grafting  trees. 


FATS  Am}  ALIL^TES  (SOAPS), 

540.  ^fd  Soap*  —  ExperimenL  —  Make  fir^t  a  strong 
„.    lye  with  one  dram  of  caustic  soda 

FIfi  807. 

of  commerce  and  one  ounce  of  vm* 
ter^  and  next,  a  weak  It/e^  with  one 
dram  of  caustic  soda  and  two  oian- 
^  ces  of  waten  Boil  the  latter  gently 
b  I  ij^g  1  with  an  ounce  and  a  half  of  beef- 
I  l^^^fel  tatlowi  for  half  an  hour,  in  a  vessel 
i***^  %0    only  hatf  filled  with  the  mixture,  and 

then  add  the  strong  lye  gradually  while  the  boiling 
continuea.     The  fat  and  lye  unite  by  degreea  to  a  uni- 
form mass,  of  a  gluey  consistency,  which  after  a  time 
[becomes  thick  and  frothy.     If  a  drop  of  this,  when 
prcased  between  the  fingers^  presents  firm  white  flakes, 
then  add  half  an  ounce  of  common  salt,  boil  for  some 
minutes,  and  let  the  whole  mass  quietly  cooL     We 
L obtain    a  firm    maKs    (.^oap)   and  a  watery  Iiquidi  in 
r^hich  the  common  salt  and  ^orne  free  soda  remain  dis- 
solved {under  lye).     If  the  soap,  when  boiled   with 
water,  forms  a  turbid  solution,  it  contains  still  some  . 
unaaponified  tallovv,  in  which  case  add  to  it  gome  weak 
lye^  and  continue  boiling  until  the  sample  gives  a  clear 
[ilution  in  wat*.*r;  add  aguin  some  table  salt,  and  let  it 
feooL     The  soap  prepared  in  this  manner  has  the  sama 
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composition  as  oommon  hame-soap.  Blore  recently, 
palm  oil  or  a>coa-imt  oil  Ima  been  used  partly  or  nn* 
rirely  to  supply  the  place  of  tallow^  the  palm  oil  be- 
cause it  ts  cheaper  than  tallow,  and  the  coco^>nur.  oil 
because  it  communicates  to  tbe  soap  the  property  af 
forming  a  strong  lather. 

KrperimenL  —  Repeat  the  former  estpcrlment,  D^Ing 
oave  oil  inBteacI  of  tallow ;  hard  soap  is  likewifle  ob» 
taincd  {oUve  oil  or  Marseilles  soap)* 

54  L  Sojl  Saap,  —  Experiment,  —  Prepare  again  some 

oil-soap,  as  above  d<-      '     '    but  instead  of  soda  use 

pofassa  lye,  which  is  |  ^        i  from  caustic  potassa  and 

watcrj  and  omit  the  addition  of  common  ealt;  tJie  ghi* 

notis  mass  does  not  hereby  pass  by  boiling  into  a  hard 

ap,  but,  after  a  sufficient  evaporation  of  the  watrr, 
yields  a  soft  mass  (soJl  soap  or  potm$a  sa€fp}»  l*lih 
kind  of  soap  is  frequently  employed  in.  print  works 
for  the  cleansing  of  colored  fabrics.  If  whale  oU^  heiu]»^ 
seed  oil  or  linseed  oil  is  used  instead  of  olive  oil,  a  darker- 
eolorcd  soft  soap  is  obtained,  which  is  %i<  li»red 

green  by  indigo  and  turmeric  {green  and  bi  p). 

Ammjcmia  acts  far  more  feebly  than  potnssa  and  so- 
dium upon  fats.  If  some  of  the  unctuous  oib  ans 
sliaken  up  with  ammonia,  thick  white  mixtnren,  /trtf- 
menls^  are  obtained,  which  are  often  applied  by  friction 
to  the  skin. 

Hard  soaps  are  formed  from  fats  by  mda^  soft  80Qp« 
by  potass€L  The  chemical  process  taking  plaae  tn  botb 
cases  may  be  explained  as  follows. 

642*  Fai  Acids.—  The  fata,  as  wft«  shown  in  ^  583| 
consist  of  several  simple^  sometimes  solid*  sometimes 
n  ,<h  of  fat, —  among  which  the  solid  stearine 

a  iinid  oh*ine  arc  especially  predominanL     TJ"--** 

proximate  coiiBtituenla  of  tlic  natural  fata  may  I 
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l^garded  as  saline  bodies ;  that  is,  as  corabinations  of  an 
icid  with  a  base.  Every  simple  fat  contains  a  peculiar 
iddt  —  &teariiie,  stearic  acid  ;  oleine,  oleic  acid ;  palmi- 
Mne,  palmitic  acid,  &c*;  but  all  contain  one  and  the 
im©  base^  to  whicli  the  name  oxide  ofglyceryk  (sweet 
principle  of  oil)  hai*  been  given, 

Stearine  is,  accOfdingl j^  «t©ftraic  of  oxido  ofglyceijK 
QXvlm     **  •*  oleatoof  oxide  of  glj^ecrrk* 

Tiilbv    "         "         J  *  mUtttr©  of  roueh  fitqanttts,  tn^  m  Utile  Qleftte 
t       af  oiidij  of  gl3*cer)1e,  &c. 

To  designate  the  difTerent  acid^t  contained  iu  the  fats, 
the  general  term  "fat  acids"  will  always  be  «Bed  in 
the  fotlowing  pages,  Fat^  in  general  arc  accardin^^hj 
io  be  rcganled  as  cmnbinatiom  of  fat  ackb  with  oxide 
of  glf/cerffle^  or  as  salts  of  fat  acids  and  oxide  of  gly- 
ceri/ie. 

543,  The  proccM  of  the  formation  of  map  is  tbns  one 
of  simple  elective  affinity;  the  stronger  basea,  soda  and 
potas&a,  displace  the  weaker  oxide  of  glyccryle,  and 
'eorabine  with  tlie  fat  acids,  forming  coinpounds  of  fat 
acids  with  Boda  {soda  soap),  or  of  fat  acida  with  potassa 
(potassa  soap).  From  potassa  and  fat  acida  with  ox- 
ide of  glyceryle  are  formed  fat  acids  with  potasSa  and 
free  oxide  of  glyceryle  (potassa  soap).  From  soda  and 
fat  acids  with  oxide  of  glyceryle  are  formed  fat  acids 
with  Boda  and  free  oxide  of  glyceryle  (soda  soap). 

In  the  ^st  two  experiments  the  separated  oxide  of 
rglycerylCj  soluble  in  water,  remains  in  the  tinder  lye ; 
iut  in  the  soft  soap,  w^hen  the  sarplns  of  water  does  not 
separate  as  a  fluid  from  the  soap,  but  is  removed  by 
evaporation,  it  remains  mechanicaUy  mixed  with  the 
soap. 

The  action  of  common  salt  may  be  seen  by  try- 
to  dissolve  hard  soap  in  salt  water;  no  solutioa 
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takes  place,  not  even  on  boiling,  for  soap  u  insaiubk  \ 
soli  water ^  and  likewise  in  Strang  lye;  therefore,  Mmp 
may  be  precipitated  from  a  Bolntion  in  water  by  the 
addition  of  common  salt  This  method  of  separation 
isusnally  employed  on  a  large  scale^  since  it  yields  a 
purer  soap  than  when  the  water  is  removed  by  evajio- 
ratioa ;  for,  in  the  latter  case,  hydra  ted  oxide  of  gly- 
ceryle,  surplus  of  lye,  and  perhaps,  also,  some  impurit 
contained  In  the  lye  or  fat,  remain  mixed  with  the  soa 
while  by  the  former  method  they  are  dissolved  in  H 
liquid  (under  lye). 

344*  Conversion  of  Polmsa  Soap  iftio  Sodu  SiMip^ 
Experinienl.  —  Dissolve  some  of  the  soft  soap  obtaine 
in  §  541  in  boiling  water,  and  sprinkle  in  some  fj&% 
the  soap  separates,  and  collects  upon  the  surface  of 
wateTj  yet,  when  cold,  it  will  no  longer  be  soft, 
hard.  The  salt  here  acts  in  another  manner;  it 
sions  an  interchange  of  the  constituent  parts ;  nainelf 
from  fat  acids  w^ith  potassa  and  chloride  of  sodium  an 
formed  chloride  of  potassium  and  fat  acids  with  sc 
(soda  soap)* 

Soap-makers  often  proceed  in  this  way  on  a  laige 
scale ;  they  make  a  caustic  potassa  lye  of  wood^asb^ 
and  lime  (tye  of  wood-ashes),  boiJ  it  with  fat,  and  bna 
ly  convert  the  soft  potassa  soap  obtained  into  ha 
eoda  soap,  by  means  of  common  salt 

SOAP  AND  ACIDS. 


545.  ExperimenL — Di?isolve  some  of  the  hard 
soap  in  hot  water,  and  add  to  it  vinegar  by  drops  nnt 
a  turbldncss  ensues*      Vinegar,   and    other   acids, 
stronger  than  the  fat  acids;  therefore,  they  withdjBW 
from  the  latter  the   base,  and  tlic  fat  acids   ar« 
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'itk  As  these  are  lighter  than  water^  and  at  the  same 
time  insoluble  iu  it,  &o  they  collect  on  the  surface  of 
the  water.  The  fat  acids  thus  obtained  resemble  tal- 
low externally^  but  it  is  evident  that  tliey  are  not  tal- 
low, since,  even  after  long  washing,  they  still  have  an 
add  reaction,  wliich  is  not  the  case  witli  tallow^  and 
they  are  easily  dissolved  in  hot  alcohol^  but  tallow  very 
diiiicultly.  Three  fourths  of  the  mass  consists  of  stearic 
add,  one  fourth  of  oleic  acid.  When  strongly  pressed 
between  blotting-paper,  the  oleic  acid  soaka  into  tlia 
paper,  and  the  stearic  acid  remains  behind. 

Stearic  acid  is  harder  and  more  brittle  than  wax, 
brilltantly  white,  translucent,  and  rnelts  ut  the  tempera* 
ture  of  70^  C.  There  are  now  large  factories  for  the 
preparation  of  it,  and  it  is  used  in  the  manufacture  of 
the  stearinc  candles,  which  have  become  so  popular. 
Mtperifmni. —  Heat  some  ounces  of  strong  alcohol 
in  a  water-bath,  and  when  it  boils,  add 
to  it  as  much  stearic  acid  aa  will  dis- 
solve in  itt  Pour  half  of  the  solution 
obtained  into  cold  water,  and  let  the 
other  cool  tjuietly  ;  in  the  former  case 
the  stearic  acid  is  obtained  as  a  light, 
silky,  brilliant  mass,  while  in  the  hitter 
it  takes  the  form  of  ddlieate  crystal- 
line plates. 

546.  ^cpcrimcni*  —  If  an  acid  is  added  to  a  solution 
of  oil-soap,  an  oily  fluid  separates,  which  consists  prin* 
cipally  of  oleic  acid. 

Oleic  acid  m  ils  external  appearance  is  hardly  to  be 

LdiBtingutshed  from  olive  oil,  but  it  differs  from  it  in  the 

fellowing  respects :  it  Ims  an  add  taste  and  reactjoiip 

which  olive  oil  has  not,  and  it  roadily  dissolves  even 

in  cold  alcohol,  while  olive  oil  does  not    The  oleic  add, 
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procured  in  stcaric-acid  factories  from  tallaWi  aa  i 
oiidary  product^  now  frequently  occurs  iti  commisffoet, 
and  oti  account  of  its  cheapness  is  i;iiT|>luyed   in    ihc 
mnnnfacture  of  soap,  and  in  greasing  wool  for  spinning* 

547-  Oxide  of  gft/cert/le  (glycerine,  or  swc^t  7  '  U* 
of  oil)*  —  Jux:pcnmenL  —  Add  to  the  soft  so»p,  —  d 
according  to  §  541,  a  solatjon  of  tsirtaric  acid,  and 
lca%"e  the  wfitery  (lutd,  iifter  being  chmtkd  by  f'  m, 

to  evaporate  in  a  warm  place.     Tiic  ealinc  ^ 

maijiing  after  evaporation  consists  of  bitirtmte  oi 
potasj^a  (tartar)  and  of  the  base  of  the  fat^.  *  >  f 
glycerj  Ic ;  whrn  Btrong  alcohol  is  added,  the  i 
solves,  while  the  bitartratc  of  potassai  together  with 
any  excess  of  tartaric  add  that  may  be  present,  re- 
mains undissolved. 

The  oxide  of  glyceryle,  which  remains  after  Iho 
evaporation  of  the  alcohol,  has  the  apj  1- 

low  syrup.     It  has  not  an  alkaline  t:.     ,  .  ;,.  - ji^ 

like  sugar ;  neitlier  doea  it  react  basically,  althoufrh  it  U 
soluble  in  water*      It  has^  aceordinglyi  no  mr  •<* 

other  bases  gioluble  in  wateri  as,  for  example,  j^  .«  .,  uf 
soda-  But  the  reason  why  it  is  regarded  aa  a  base  la 
evident  from  its  behaviour  with  acids  j  it  Is  <  1 

as  a  base,  because  it  combines  with  acids  in  L.v.  .*  j  ,u» 
portions,  forming  comjjounds  bavicig  the  character  o( 
salts.  It  constitutes  only  about  a  tentli  or  twelfth  ymri 
of  fiita;  an  ounce  and  a  qoarler  uf  it-,  at  moi*t,  it  eon- 
tained  in  one  pound  of  tallow, 

Jitperimeiit. —  Wijie  tlie  bowl  containing  the  mnkii 
quantity  of  the  oxide  of  glyceryle  that  has  been  ob- 
tiiint^  with  white  bbttJng-paj>er,  and  heat  the  lattiir  in 
a  «paon.  During  the  cornbtmUon  tliere  will  be  evolved 
from  it  anew        '  ;      .^      '      ;  ''   ^ ''-  "  Mm 

oxyde  of  glyi  ,  ,    ut 
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into  a  volatile^  extremely  ptmgeiit  substance  {acrokine 
or  03dd€  ofa,€rf/le)f  which  caimes  lacbrymation*  Henoe 
h  explained  the  pujigent  odor  which  13  perceived  dur- 
ing tht^  iraperfect  combustion  of  ail  kindjs  of  fat  This 
odor  is  very  strikingly  man! Tested,  also,  when  varnished 
articles  are  drying;  for  instance,  in  the  drying  chainbera 
of  tlje  oil-cloth  factories.  This  volatile  matter  may  be 
formed  also,  even  at  a  low  temperature^  from  glycerine. 
No  smell  of  acroleiue  is  evolved  on  heating  the  pure 
fat  acids. 
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548,  Washing- with  Soaps,  —  Soaps  have  two  impor 
tint  properties; — 1b%  they  dissolve  fat  and  oils;  2d, 
they  are  very  easily  resolved,  merely  by  mbting  with 
much  water,  into  an  acid  salt  and  free  alkali ;  the  latter 
dissolves,  as  is  well  known^  inost  organic  substances^ 
but  the  former  efVects  by  its  lubricity  an  easy  washing 
away  of  the  dissolved  matter  from  other  substanec«p 
On  these  two  proj>ertie3  depends  the  application  of 
soap  iu  washing*  The  separated  acid  salt  of  fat  acids 
with  alkali  modifies  at  the  same  time  the  action  of 
the  free  alkali,  and  kcepis  the  articles  pliant  which  are 
washed  with  soap,  while  they  would  become  rigid 
If  they  were  cleansed  with  caustic  alkalies  alone.  To 
prevent  the  shrinking  of  woollen  articles,  wash  them 
with  a  weak  solution  of  carbonate  of  soda,  instead  of 
with  soap- 

549*  Sotip  and  AicohoL  —  ExiterimenL  —  Pour  one 
ounce  of  alcohol  upon  one  ounce  of  the  shavings  of 
tallow  soap;  the  soap  is  completely  dissolved  on  heat- 
ing In  the  water-bath,  but  the  solution  congeals  on  cool- 
ing to  a  transparent  jeil^.  This  jelly-like  ioap,  mixed 
47 
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with  catnplior  and  aiTimonia,  is  called  opodeldoc.     The 
js^hite  stars  sepaj-uting  from  this  consist  of  cry  *   ''- -r*ii 
earate  of  t^oda.     AU   soaps  prepared  from 
(rich  in  stearine)  behave  like  tallow  soap* 

Experimcni.  —  DissolvtJ  one  dram  of  Naples  soap  in 
half  an  ounce  of  alcohol ;  this  solutiou  dne^  noi  coagii* 
late  on  cooling;  it  forms  the  tincture  of   soap.     By 

evaporation,  a  diaphanoiifl  soap  k  obtained  (/r  ■ -  rtt 

soap).     AH  the  i^oaps  made  from  the  itiiid  fat  .ii 

oLeine)  act  like  the  Naples  soap. 

350*  Imohtbh  Soaps.  —  ExperimenL — If  some  lime- 
water  is  added  to  a  solution  of  soap  in  water,  a  pre- 
dpttate  of  insoluble  lime  soap  is  formed ;  benoe  b  ex* 
plained  why  spring*water,  which  generally  eotftiiicia 
lime  (hard  water),  nL'ither  dissolves  soap  nor  lathers 
with  it,  and  accordingly  cannot  be  used  for  washing. 

Experiment.  —  By  adding  acetate  of  lead  (§337)  to  o 
solution  of  Naples  so**p  in  hut  waler,  us  long  a^  a  pre- 
cipitate is  forraed,  we  obtain^  by  double  elective  affinity, 
acetate  of  soda,  whieli  rem e ins  di;?5o]ved,  and  a  com* 
pound  of  fat  acid  with  oxide  of  lead,  which  i^eparatea 
as  a  white,  adhesive  mass,  that  may  be  kneadi^  with 
the  moist  hands^  and  formed  into  rolls  T  *  ^p  or 
had  piaster).     From  the  compound  of  ;  s  and 

soda,  and  from  the  acetate  of  lead,  are  formed  a  ctjin- 
pound  of  fat  acid  with  oxide  of  lead  [hml  planter)  and 
acetate  of  soda. 

In  pharmaceutic  labordtorics,  this  pkatcrt  j^enrrally 
known  under  the  name  of  diachfiiofh  i^  \  1  in  a 

ditrerent  manner^  namely,  by  bgijing  lithai^.    Li  olive 

oU  and  some  water.  By  tliis  method  oxide  of  glyceryl© 
is  readily  obtained,  and  in  hirgcr  qiut  -,  a  stioon* 

dary  product;  the  plaster  made  h^.is  k*.,.,  .,  uq  wasbod 
wiifa  hdl  water,  nnd  the  water  evap(Hated  after  the  oasp 
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ide  of  lead  dissolved  in  it  has  been  previomly  prccipi* 
tated  by  stdptmrcttcd  hydrogen.  If,  instead  of  lithsirge^ 
white  lead  (carbonate  of  lead)  h  boiled  with  oil  and 
water,  we  likewise  obtain  a  eorapound  of  iat  acid  and 
oxide  of  leadt  since  the  carbonic  acid  is  expelled  by  the 
fat  acids.  In  this  manner  the  piaster  of  tarh&mde  of 
lead  is  preparedj  which  has  commoidy  a  whiter  color 
than  the  former  plaster,  because  it  still  contains  some 

^ white  lead  meehanically  mbeed  with  it. 
55L   Preparation  of  Volatile  OUs.  —  Mcperiment.-^ 
Put  one  ounce  of  tarpeutine  in  a  dish  in  a  warm  place, 
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I  when  it  has  become  liquid  transfer  it  to  a  capaciotis 
t,  pour  upon  it  four  ounces  of  water,  and  distil  until 
about  three  fourths  of  the  water  has  passed  over.  Pom 
the  residue,  while  stiU  hot,  into  cold  whaler,  in  which 
the  non-votatjle  portion  of  the  turpentine  remaining 
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behind  congeals  to  a  solid  mass  (resm).  A  strong- 
smelling,  colorless  liquid,  a  volatile  oili  commonly 
known  under  the  name  oi  oil  of  tnurpentine^  floats  on 
the  surface  of  the  water  distilled  over.  Turpentine, 
a  juice  which  exudes  from  pines,  larches,  and  other 
trees,  when  the  inner  bark  is  cut  through,  is  accord- 
ingly a  mixture  of  resin  and  oil  of  turpentine ;  the 
latter  is  converted  by  heat,  simultaneously  with  the 
water,  into  steam,  and  on  cooling  is  again  condensed 
to  a  liquid. 

Experiment.  —  Distil  in  the  same  manner  half  an 

Fig.  211.  ^^'^^^     ^f     ^^™- 

in-seeds  (which 
have  been  pre- 
viously bruised 
in  a  mortar),  in 
a  retort  contain- 
ing four  ounces 
of  water,  until 
two  ounces  of 
water  have  passed  over.  The  drops  floating  upon  the 
water  are  likewise  a  volatile  oil,  oU  of  cumin;  they 
have  the  smell  and  taste  of  the  cumin-seeds,  but  in  a 
stronger  degree,  while  the  residue  remaining  in  the  re- 
tort has  scarcely  the  least  smell  or  taste  of  them.  All 
volatile  oils  possess  a  burning  taste,  and  are  somewhat 
harsh  to  the  touch ;  but  the  fat  oils  have  a  mild  taste 
and  an  unctuous  feeling. 

DIFFERENT  KINDS  OF  VOLATILE  OILS. 

652.  Whenever  we  perceive  an  odor  in  a  plant,  we 
may  presume  that  a  volatile  oil  is  present,  which  grad- 
ually evaporates.    But  how  incredibly   diffused  and 
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diluted  this  roust  be  in  many  plants  maybe  inferred 

from  the  fact»  that  scarcely  a  quarter  of  an  ounce  of  vol- 

ItUe  oil  is  contained  in  one  hundred  pounds  of  fresh 

ascsj  or  orange  blossoms.     We  most  frequently  find 

the  volatile  oils  in  the  flowers  and  seeds,  sometimes  la 

;he  stalks  and  leaves,  but  more   rarely  in  the   roota. 

They  are  obtained  almost  in  the  same  way,  w^hhoat 

exception,  as  oil  of  turpeotijie^  by  distilling  the  vcge- 

^Mble  parts  witli  water*     The  oils  procured  from  the 

kins  and  peels  of  some  fruifs,  as  the  oU  of  lemons,  and 

Ibergamot,  contained  iu  the  rind  of  lemons,  citrons, 

liJid  oranges,  form  an  e:cceptjon,  since  such  oils  are  ob« 

lined  by  expression  from  the  fresh  rind. 

553.  Of  the  more  known  volatile  oils  we  obtain,^ 

<u)  From  iheJiQwer:  — 

OU  of  roses,  a  yellowish,  thick  fluid,  with  flakes  re* 
eembling  tallow  floating  in  it 

Oil  of  orang-e 'powers  (oL  tie  roll),  colorless,  reddish  in 
the  light  f  contains  na  oxygen. 

OU  of  camomik^  a  dark  blue,  thick  liquid;  becomes 
igreen,  and  finally  brown,  by  ago  and  light 
Oil  of  lavender^  a  yellowiah,  thin  liquid* 
Oil  of  chves^  yellowish,  soon  becomes  brown;  a 
somewlmt  thick  fluid,  heavier  than  w^ter. 
b,}  From  seed^  ami  fruits  :  — 

Oilofcumin^  colorless;  becomes  yellowish,  and  final- 
ly brown,  by  age. 

Oil  of  anise-seed^  ycUowish ;  congeals  even  at  12*^  C. 
Oil  offennd^  colorless  or  yellowish ;  congeals  like- 
wise readily. 

Oil  of  dill^  yellow ;  becomes  brown  in  the  light* 
OU  of  nutmeg'^  a  pale  yellow,  thin  liquid,  has  the 
I  imell  of  nutmegs. 

OU  of  bUtcr  mtmondSf  yellow  j  heavier  than  water ; 
47. 
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oontains  pnusic  acid,  and  oonaequentiy  is  very  poi^ 
tonous. 

Oil  of  mustardj  yellowbh,  of  an  extremely  pungent 
smell,  causing  lachrymation ;  oontains  solplnir. 

Oil  of  juniper^  colorless ;  contains  no  oxygen. 

Laurel  oil,  white  or  yellow;  a  thick  flnid 

Oil  ofsaviMj  colorless  or  yellowish ;  a  thin  floid ;  oon- 
tains no  oxygen. 

Oil  of  parsley^  pale  yellow;  on  being  shaken  with 
water,  separates  into  a  light  volatile  oil,  and  into  a 
heavy,  soUd,  crystalline  oil. 

Oil  of  lemons^  from  lemon-peels,  oontains  no  oxygen. 

Oil  of  orange-peel  likewise  contains  no  oxygen. 

Oil  of  berffamot^  from  the  rind  of  the  bergamot 
orange,  a  pale  yellow,  very  thin  liquid. 

c.)  From  the  leaves  and  branches :  — 

Oil  of  the  curled  leaf  mini  (Mentha  crispa),  colorless 
or  yellowish ;  becomes  brown  with  age. 

Oil  of  peppermitiij  colorless  or  yellowish,  a  very  thin 
liquid,  now  frequently  exported  to  Europe  from  Amer* 
ica. 

Oil  of  balm^  pale  yellow,  has  an  odor  like  that  of 
lemons. 

Oil  ofmarjoramy  yellowish  or  brownish. 

Oil  of  thyme  J  when  fresh,  yellowish  or  greenish ;  when 
old,  brownish-red. 

Oil  of  sage  J  when  fresh,  yellowish  or  greenish;  when 
old,  brownbh-red. 

Oil  of  icormuHXHlj  dark  green ;  soon  becomes  brown 
or  yellow,  and  viscous  in  the  light 

Oil  of  rosemary  (oL  anihos)j  colorless  and  veiy  thin, 
is,  next  to  the  oil  of  turpentine,  the  cheapest  volatile 
oil. 

Otgejmt  ail^  from  the  leaves  of  a  tree  growing  in  the 
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Moluccas;  tiie  oil,  when  pore,  is  colorless;  the  dnde 
oil  U  commonly  ^een,  and  often  contains  camphor ;  it 
haa  a  camphorated  odor* 

Oil  of  rue^  pale  yellow^  or  greenish. 

Oil  of  cinnamon^  yellow ;  soon  becomes  brown  in  the 
air;  ht^avier  than  water. 

Oil  of  iurperdine^  the  most  common  of  the  volatile 
oUii  Id  contained  in  all  oar  fir-trees,  and  exudes  from 
them,  niLxed  with  resin,  as  turpentine  (§S68).  When 
purified,  it  is  colorless  and  thin,  and  has  an  agreeable^ 
penetrating  odor;  it  contains  no  oxygen.  An  ordinary 
sort^  poBaesaing  a  didagTBeablo  empyreumatic  odor,  ob- 
tained in  the  preparation  of  pitch  from  pine  reain,  is 
crude  oil  ofiwptnHm* 

Cumplior  occurs  in  commerce  as  a  solid  white ^  crys- 
talline, odoriferous  niassj  prepared  by  distillation  with 
water,  or  by  sublimation  from  the  wood  of  the  camphor- 
tree,  growing  in  Japan  and  the  East  Indies, 

d.)  From  roois :  — 

Oil  of  acortis^  yellow  or  browoisb. 

Oil  of  valerian i  pale  yelloWj  or  greenish  ;  becomes 
rapidly  brown  and  viscous  on  cxpoisure  to  the  air. 

It  is  very  remarkable,  that  we  sometimes  find  several 

Liorts  of  oil  in  one  and  the  same  plant     Thus,  for  ex- 

nmple,  we  fin4  in  the  orange-tree  three  dilTerent  kinds 

■of  oil ;  one  in  the  leaves,  another  in  the  blossom,  and  a 

third  in  the  rind  of  the  frnit 

554.  Ftrmcni  Oik.  —  Experiment  —  U  water  is 
poured  on  the  ccntaury-plant  (Erythrea  eentaurium), 
and  it  m  left  in  a  warm  place  until  fermentation  com- 
mences, a  very  penetrating  odor  is  evolved  from  the 
leaves,  which  were  previously  scentless ;  the  odor  pro- 
oeeda  from  a  volatile  oil,  which  was  generated  during 
the  fermentatioa.    In  a  similar  manner,  the  fresh,  scents 
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lesa  leaves  of  the  tobacco-plant  obtain  the  weU>knouii 
Bicotmn  odor  by  the  Bo-called  sweating  procsess.  Oils 
of  this  kind,  which  may  be  genemled  by  fermentAitoa 
from  many  other  odorless  plants,  are  crU^xI  fcrmefU  €nis* 

In  tlie  brandy-distilleries  there  is  eirolved  also,  on  the 
fermentation  of  potatoes  and  grain,  a  disagreeably* 
smeEing  oil  {fusel  oi!)^  which  partly  distils  over  ^nth 
the  brandy  or  ^pirit^  and  imparts  to  tliese  liquids  the 
fosel  taste  and  smell  On  filtering  through  chareoal,  ii 
^mains  behind  in  tlie  pores  of  the  latter. 

bbD.  EmpyreumiUic  Oih.  —  Finally,  oily  volatile  sab- 
'  stances  are  produced  by  the  dry  distillation  of  vegetable 
and  animal  matter ;  for  instance,  oil  of  wood-tar  from 
woodj  coal  oil  from  plt-eoaL^  animal  oil  from  bones,  oil 
of  amber  from  araber^  &c*  They  are  all  distinguisbed 
by  an  exceedingly  disagreeable  odor,  and  are  inijcturcs 
of  various  volatile  substances.  They  are  called  empp^ 
reumalic  oils* 

Rock  oil^  or  petroleum  (wtTposj  rock),  is  of  a  airmkr 
nature;  it  oozes  out  from  the  earth  in  niany  plactes  in 
Asia,  where  it  is  formed  in  a  manner  as  yet  unknown 
to  us-  The  red  color  of  the  oil  occurring  in  cotunieroe 
is  given  to  it  by  the  addition  of  alkanet-root 
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556*  All  these  oils  arc  voiniiie  at  average  temper- 
atures, except  camphor,  which  begins  to  melt  at  the 
temperature  of  175®  C ;  but  below  thi^  temperatttre 
forms  a  white,  solid,  crystalline  mass.  If  the  votntilo 
oils  are  cooled*  there  is  frequently  separated  from  thcnd 
a  beautifully  crystallized,  solid,  wbite^  cnmphar-ltlce  ^ub- 
stance,  which  has  been  cnllcf!    '  '      ,  in  opposttion 

to  the  liquid  portions  tlmt  i  ch  are  called 
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eieopiene,  Accordinglyj  Uie  volatile  oils,  lilce  the  fats, 
oonsist  of  two  proximate  ootiitituents,  one  of  which 
may  be  regarded  as  solid  and  cry fi tall Izcd,  but  the  other 
only  E8  a  liquid.  Many  oilti  —  for  instance,  the  oib  of 
roae  and  anise-seed  —  are  so  rich  in  stearoptene,  that| 
when  kept  in  cool  cellars^  they  congeal  into  a  nearly 
fioiid  masB. 


ELEMENTARY  CONSTTTITENTS  OF  THE  VOI.ATILE  OILS. 

657,  The  volatile  oils  are  divided  into  three  dasseg, 
according  to  the  elemenbj  of  wliich  they  are  com- 
posed;— 

B.)  Into  the  non-oxi;gcnaied  oila  (having  two  ele- 
ments); these  consist  only  of  carbon  and  hydrogen 
(CjH),  eo  that  they  may  be  regarded  as  condensed  iU 
luminating-gaa.  To  this  claBd  belong  rock  oil  and  oila 
of  turpentine,  juniper,  savin,  lemons,  &c. 

b*)  Into  oxy^^eiUiUd  qiIa  (havii]g  tliree  olementii), 
-which,  beside  carban  and  k^drogeUf  contain  also  ox^* 
gen  (C,  H,  O);  most  of  the  other  volatile  oiU  have 
this  constitution. 

C-)  Into  mdphurtMed  oils,  which  are  composed  of 
carbon^  hjdra^eny  and  $nfphnr  (sometimes  with  and 
soraetimes  without  nitrogen)*  The  oils  of  thia*elass  arc 
distinguish  ed  by  a  very  pungent  sraeU,  causing  lachry- 
mation,  and  by  a  great  acridity,  raisirr^  blisters  on  the 
fikiu  when  brought  in  contact  with  it  The  oils  of 
mustard,  horseradish,  scurvy-grass,  gailici  bop«,  5&c* 
belong  to  tliia  class* 

Of  these  eleraentst  hydrogen  (as  regards  the  number 
of  atoms)  commonly  predominates ;  lience,  the  volatile 
oils  are  usually  reckoned  among  the  orgnjiie  substaiices 
fich  in  h^drogm- 
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rROPERTIES  or  THE  VOLATILE  OILS. 

058,  ExpeHmerU- — Pouj  a  drop  of  some  volatile  oil 
upon  a  eheet  of  paper,  and  let  it  remain  exposed  to  the 
air ;  the  paper  at  first  receives  an  apparent  grease^pat, 
but  this  dit$appears  after  a  timi^^  btfcaune  the  oil  gradu- 
ally evaporates.  The  name  volaiile  or  ethereal  oil  thus 
explains  itself;  and  the  disappearance  of  ciimphor,  cm 
being  exposed  to  the  air,  ia  owing  to  this  volatileness. 

If  the  oiled  paper  is  placed  upon  a  warm  etovc^  the 
evaporation  takes  place  much  more  rapieJIy.  Aromatic 
oils  are  employed  in  this  way  for  perfuming  apartments. 
Usually  a  quantity  of  flowers,  wood,  and  rinda,  finely 
cut  up,  are  moistened  with  the  oil,  and  scattered  ad  a 
fumufatiti^  pawder  upuii  the  stove. 

559»  ExperlmenL'-^  Hetit  a  quarter  of  an  ounc^  of 
oil  of  turpentine  in  a  veasel  to  boiling*  A  therm otnetisr 
intrtiduced  into  the  liqaid  will  indicate  a  tempemluro 
of  about  100^  C;  oil  of  turpentine  accordingly  re- 
quires half  as  much  again  heat  for  boiling  a»  wari*r. 
Other  oiU  often  boil  with  even  mote  difiiculty.  The 
vapor  may  be  inflamed  by  a  taper,  wlien  it  will  burn 
with  an  intense  sooty  flame  j  it  ie  easily  ejttingui&hed 
by  covering  the  vessel  with  a  board,  bat  wfUer  must  on 
no  accoufii  be  employed  for  exiin^tiishiftf^  buminf^  oils* 
Then  remove  the  oil  from  the  fire;  after  it  is  cold, 
mix  it  with  some  water,  and  again  heat  it ;  as  long  aa 
any  water  h  prrsent,  the  temperature  of  the  flnit)  will 
not  rise  above  J  00^  C*  The  a»oendlng  vapor  is  a  mix- 
ture of  acriforfu  water  and  acrifonn  nil.  The  sarao 
thing  occurs  here  as  previciu»ly  mentioned ;  the  less  vol- 
atile oil  evnpomtfis  with  the  more  easily  volatile  watrr. 
The  oils  remain  unchanged  at  Ihe  boiling  point  of 
water,  but  at  tlicir  own  boiling  point  (MO^  to  200-  C>) 
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they  become  not  tmfreqnently  somewhat  empyreumat^ 
ic;  this  h  the  reason  why  water  is  always  added  in 
the  preparation  of  oils,  and  also  in  the  redistiUation  of 
them  {rectificaiian}, 

560,  Expemneni*  —  Inflame  some  drops  of  oil  of  tur- 
pentine put  upon  a  shaving,  and  also  a  piece  of  cam- 
phor laid  upon  water ;  both  bodies  will  ignite,  and  barn 
with  a  highly  luminous  and  sooty  flame.  The  volatile 
Olid  are  far  more  easily  eombuHtible  than  the  fat  oil% 
which  in  onler  to  burn  with  a  flame  must  be  heated  to 
850'^  C5.  We  hate  consequently  in  oil  of  turpentine  a 
convenient  means  for  speedily  lighting  oil-lamps;  it 
being  merely  necessary  to  smear  the  wick  wath  a  few 
drops  of  it, 

ErperimetU,  —  Pour  a  mixture  of  fialf  an  ounce  of 
absolute  alcohol  with  half  a  dram  of  oil  of  turpentine 
into  a  spiritdamp;  the  mixtnie  gives,  when  lighted,  a 
strongly  illuminating,  but  no  longer  a  sooty  flame, 
since  all  the  carbon  of  the  oil  of  turpentine  ia  convert- 
ed by  the  heat  of  tlie  burning  alcohol,  rich  in  hydrogen, 
into  illutninating  gas,  and  then  into  carbonic  acid  (and 
water)*  This  mixture  is  now  used  in  lamps  coustruct* 
ed  for  the  purpose^  and  which  are  so  made  that  the 
liquid  evaporates  in  them,  and  the  vapor  Ignites  as  it 
issnes  from  several  small  openings. 

561,  VoiaiUe  Oih  and  IVaten  —  Ejcp€nm€ni,^-1>T0f 
»ome  oil  of  cumin  upon  water;  the  oil  floats  on  the 
snrface  without  mi  King  with  the  water,  for  most  of  the 
volatile  oils  are  lighU^r  than  water;  but  there  are  some, 
atlch  as  oil  of  cinnamon*  oil  of  cloven,  and  oil  of  bit- 
ter almonds,  which  are  heavier  than  water,  and  sink 
in  it. 

K  the  mixture  is  briskly  shaken,  the  water  becomeft 
turbid,  because  the  oil  is  tlius  divided  into  small,  in^ 
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ible  globalesj  which  are  kept  sti^peoded  in  the  water. 
The  wat-er  may  be  agnin  ciarified  by  fUtration,  but  it 
retains  the  sraeli  and  taste  of  tlie  oil,  nince  a  sjnall 
quantity  of  it  remains  dissolved.  Mtiny  such  s^olutiona 
are  kept  in  the  apothecaries'  shops^  under  the  name  of 
medicated  or  distilled  waters.  It  ia  well  to  kt*ep  them 
protected  from  the  light,  and  in  fail  vessels*  —  both 
light  and  air  having  ti  decomposing  action  on  the  vol- 
atile oils*  They  are  commonly  prepared  by  dbtiUing 
with  water  the  vegetable  substance  containing  the  ailf 
as  therciby  a  more  intimate  combination  of  the  watur 
with  the  oil  is  eftected  than  by  merely  ahaking  it  up, 

562.  Volatile  Oils  ami  Akohol  —  £:rperimenL  ^^ 
Add  a  drop  of  oil  of  cumin  to  one  ounce  of  etrong 
alcohol ;  it  dissoFvea  readily  and  entirely.  All  the  vol- 
atile oLb  ate  soluble  in  alcohol,  most  of  them  in  alcO* 
hoi  of  eighty  per  cent.;  but  the  non-oxygenated  o'd*, 
such  as  oil  of  turpentine,  oil  of  lemotii?,  &c,,  only  in 
abgolute  alcohol.  If  an  ounce  of  water,  in  which  half 
an  ounce  of  sugar  has  previously  been  diftaolvedt  iis 
added  to  the  solution,  we  obtain  cumin-cordial.  In 
this  manner,  by  the  aid  of  various  aromatic  oils*  the  in- 
numerable cordials  occurring  in  commerce  are  now  gen* 
eraliy  prepared  (preparation  of  cordial  in  the  cold  way), 
Tlicy  were  formerly  manufactured  from  aromatic  tteeds, 
Itowcrs^  hcrbsj  &c.j  by  pouring  brandy  over  ihemt  the 
brandy  being  afterw^irds  distilled  or  drawn  vif^  wbi^rc* 
by  a  spirituous  solution  of  volatile  oib  was  likewise 
obtained. 

Erperimenl.  —  If  some  drops  of  betgamot,  orang€* 
flower,  lavendPT,  or  rosemary  oila  are  diaisolvird  in  hwlf 
an  ouiice  of  strong  alcohol,  we  obtain  a  spirit  of  a  vury 

pleasant  odor.      In  n,  iiimilnr  way   the   itm** Mc 

lldndB  of  perfumed  waters  are  prepared,  at  ii  ii 


wMch  Rtands  the  well-known  eau  de  Cologne,  The 
fumigating  spirit  also,  which,  instead  uf  the  fumigating 
powder,  is  often  sprinkJed  on  a  warm  stove,  has  a 
similar  composition.  Camphor  spirit,  much  used  as 
ail  extefuiil  remedy,  m  likewise  a  eolation  of  camphor 
in  alcohol 

5G3*  The  volatile  oils  are  not  only  dissolved  by  al- 
cohol, but  also  by  eiher  and  concentrated  accHc  acid. 
A  Bointion  of  oil  of  clovesj  cinnamon,  bergamot,  and 
thyme,  in  acetic  acid,  is  used  as  a  perfumed  vinegar^  on 
account  of  its  refrcstdng  odor. 

The  volatile  oils  may  also  be  mixed  with  fat  aiist 
and  with  some  kinds  of  tallow  and  lard;  hence  by 
means  of  them  an  agreeable  odor  may  be  imparted  to 
the  latter,  as^  for  instance,  in  hair  oils^  pomatum,  iS^^,  or 
grease-spots  be  dissolved  and  removed  by  them  from 
varione  articles.  Volatile  oik  mixed  with  aleoliol  yield, 
when  shaken  up  with  olive  oil,  a  turbid,  milky  liquid, 
beeauae  the  alcohol  does  not  dissolve  the  olive  oH ;  this 
behaviour  may  be  taken  advantuge  of  for  testing  the 
purity  of  mereanUte  oils, 

6G4.  ExpcrimefU. —  Rub  a  piece  of  sugar  some  time 
on  tlie  rind  of  a  fresh  lemon  ;  the  hard  sugar  tears  the 
cells  in  which  the  oil  of  lemons  is  inclosed,  and  the  oil 
is  attracted  into  the  pores  of  the  sugar.  Tins,  when  re- 
duced to  powder,  is  called  oico-saccharum.  Such  mix- 
turea  are  commonly  prepaied  in  pharmacy  by  triturate 
ing  together  powdered  sugar  and  volatile  oils. 

065.  ExptrimenL — ^If  you  add  some  drops  of  oil  of 
turpentine  to  iodinef  a  brisk  emission  of  sparks  ensues, 
since  a  part  of  the  hydrogen  is  expelled  and  replaced 
by  the  iodine.  The  same  phenomenon  is  occasioned 
by  all  non-oxidized  oils,  bat  not  by  the  oxidized ;  there- 
ns  iodine  may  serve  as  a  test^  aJthougii  not  a  very 
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curate  one,  fur  asceriaining  whether  oils  of  tlie  lat- 
er class  have  been  adiiitprated  willi  oil  of  turpentine, 

566*  Cofivtrsiofi  of  Ihc  Volatile  Oils  inio  Rexms.  — 
ExperimcnL  —  Let  some  oil  of  turpentine  rcmaia  ex- 
posed to  the  air  for  some  weeks,  in  a  cup  covered  with 
paper,  and  afterwards  p«t  the  cup  in  a  wann  place  \o 
evaporate  the  oil;  it  will  not  entirdy  volatilize,  but 
will  leave  at  first  a  viscous,  and  aftf^ru-ards  a  vitreous 
residue.  This  residue  is  resin-  AH  volaiUc  oils  arc 
converted  tnlQ  resiri^  because  theu  ^raduaUy  absorb  oxf^ 
gen  from  the  air;  which,  as  in  tlie  case  of  the  trari^for* 
ination  of  alcohol  into  vinegar,  first  combines  ^ith  a 
portion  of  the  hydrogen  of  tlie  oil,  forming  water,  and 
then  unites  with  the  oil  itiiclf.  i\Jcohol,  on  exposure 
to  tiie  air,  is  converted  by  the  removal  of  hydrogen  into 
aldehyde,  then  by  the  reception  of  oxygen  into  aoeUc 
acid ;  the  volatile  oila  arc,  in  a  similar  manner,  first  con- 
verted by  the  air  into  turpentifw  (mixtures  of  volatjlo 
oils  and  resin),  and  then  into  resins*  Oil  of  turpenltnts 
consists  of  Cj5  Ilni ;  resin,  of  0,^,  11,,  O ;  conaeqoently  the 
former  has  only  to  relinquish  one  atom  of  hydrogen, 
and  receive  one  atom  of  oxygen^  to  be  converted  into 
resiUp  This  explains  very  simply  why  the  vol  '  U 
become  gradually  viscous  and  seentJe*^  on  bi  i  ., 

and  more  rapidly  in  large  and  only  partially  filled  bottles 
than  in  small  ones,  and  why  the  drops  running  down 
on  the  outj^ide  of  the  bottles  dry  up  lirst  into  a  sticky, 
and  then  into  a  resinous  mass.  Old  oil  of  turpentine 
is,  for  this  reason,  not  suitable  for  removing  greafte- 
spots ;  it  dissolves,  indeed,  the  fat  or  resin  dried  into 
the  materid,  but  leaves  behind  new  »poU  of  te^u  in 
their  place. 

The  volatile  oils  arc  very  rapidly  changed  by  itttiie 
acid  into  non*volatile  remnons  snbstancca.    Theie  am 
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iometimes  simultaneou^dy  formed,  in  this  case,  pecnlinr 
%nic  acids;  for  example,  tnipcntinie  acid  Trom  oil  of 
^tnrpcntine,  camphoric  acid  from  camphor,  &c  Maoy 
Buch  acids  arc  also  sponfaneotirjly  gt'Merated  together 
with  rcsln,  by  long  standing  in  the  air;  for  Instance, 
cinnamic  acid  in  the  oil  of  cinnamon;  or  are  found  al* 
nuuJy  formed  in  the  volatile  oils;  as,  for  instance,  cary- 
ophyllic  aeid  in  oil  of  cloves,  &c. 

567.  Metallic  arsenic  has  no  smell;  neither  has  ar* 
Benious  acid  (arsenic  combined  witii  oxygen),  "We  per- 
ceive the  striking  odor  like  that  of  garlic  only  at  the 
very  moment  when  the  arsenic  ia  combining  with  the 
oxygen.  The  same  thing  seems  to  happen  with  regard 
to  the  odor  of  volatile  oils,  so  that  we  may  assume  that 
the  odor  h  emitted  because  the  oils  are  combining  with 
the  oxygen  of  the  air,  and  while  they  are  combining* 
Fresh  oils,  and  those  distilled  by  excluiion  of  air,  and 
old  resinous  oils,  either  do  not  smell  at  all,  or  emit 
quite  an  unusual  odor. 


XL  RESINS   AND   GUM-EESINS   (Resins  et 

GtJMBIt-RESINje). 

569.  Titrpentine  and  Balsams*  —  Whoever  has  been 
in  a  forest  of  fir  or  pine  trees  must  certainty  have  no- 

fticed  the  ytlloWj  transparent  juiccy  having  the  consis- 
tency of  honey,  which  exudes  from  these  trees,  and  he 
may  perhaps  have  observed  al^^o  that  it  sticks  to  the 

[fingers,  and  t^mnot  l>c  washed  off  again  by  mere  water. 

[This  juice  is /»r;?eii/j/!€.  It  is  procured  in  large  quan* 
titles  by  ineisions  made  in  the  trees*     That  obtained 

[kom  the  European  lir*trees  k  turbidi  and  has  a  thick 
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consistency;  it  is  called  common  Europmn  turpenii 
but  Venice  turpentm€  is  the  more  imnf^pareni  and  mom 
fluid  sort,  which  h  procured  from  larch- trees.  A  yd 
finer  qoalityj  yielded  by  the  American  silver-fiTj  la  called 
Canada  bakam- 

The  term  balsam  is  applied  also  to  seveml  other  fcs- 
inooa  vegetable  juice?,  which  exude  from  some  tropi- 
cal trecsj  or  are  boiled  out  from  them-  Tlie  b(***t  known 
are  the  yellowish  baham  of  copaiba,  an  important  mi^d- 
ieine,  the  bkckish^brown  balsam  of  Peru^  and  the 
browmah-gray  balsam  of  storax  (liquid  storfix),  the  liuit 
two  of  which  are  generally  u^ed  for  fumigating,  on  ao 
count  of  their  agreeable  odor,  which  resembles  t^t  of 
vanilla. 

All  these  turpentines  and  balsams  are  to  be  rrgttrdcd 
as  solutions  of  resin  in  volatilG  oila^  into  which  two 
constituents  they  are  separated  when  distilled  with 
water  (^  551  )•  The  same  thing  happens  when  they  oie 
allowed  to  stand  for  some  time  in  an  open  ves&el  in  a 
warm  place,  except  that  in  this  case  the  oil  volatilizes, 
and  difl'uses  itself  in  the  air. 

569.  Preparation  of  the  Resins,  —  EzperimenL  — * 
Spread  a  little  turpentine  upon  a  board,  and  put  the 
board  for  some  time  near  a  heated  gtove;  the  oil  of  tur- 
pentine evaporates,  but  the  resin  remains  behind  n«  an 
amorphous  brittle  mass.  In  some  countTies^  InciittDns 
are  made  throngh  the  bark  of  the  pitiC'tji'Cii,  and  the 
turpentine  which  exudes  is  allowed  to  evaporate  on 
|lHie  tree4!  themselves,  and  after  it  has  been  purified,  by 
Ptnelting  and  straining  flirough  a  eoiandtr,  fnmi  tha 
woody  particles  ndhcring  to  it,  it  is  brought  into  man- 
ket  under  the  name  of  res^in^  white  intch^  m 
df/  pitch.  Large  qnantiticff  of  such  r^*-^"  -- 
ported  Cfom  the  forests  of  America  i,  ^ 
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Two  different  dperatians  are  going  on  during  the  evap* 
oration  of  the  turpentine ;  a  part  of  the  volatile  oU  found 
in  it  evaporat^s^  and  occasions  the  peculiar  smell  of  the 
pine  forests,  but  another  part  attracts  oxygen  from  the 
air,  and  is  converted  into  resin  (§  556) » 

Resinous  juices,  which  harden  in  the  air,  forming 
solid  resins,  exude^  either  spontaneously  or  through  in- 
cisions made  for  the  purpose,  not  only  from  our  fir- 
trees,  but  also  from  many  other  trees  and  shrubs,  partie- 
ularly  those  of  hot  cliniatea.  Almost  all  the  resins  oc- 
curring in  commerce  are  procured  in  this  manner, 
ISxperimmU* — Resin  is  depospted  most  abundantly 
in  those  parts  of  the  trees  where 
the  branches  join  the  trunk;  wood 
impregnated  with  such  resin  ia 
called  resinous  wooi  If  a  piece  of 
resinouB  wood  is  lighted  at  the 
upper  end,  and  held  by  a  wire  in 
an  oblique  position  over  a  basin  of 
water,  one  portion  of  the  resin  burns 
up  with  a  sooty  flame,  while  an- 
other part  is  melted  by  the  heat,  and 
runs  down  into  the  vessel  beneath.  Resin  is  not  mt^ 
uhie  in  watery  hence  it  hardens  in  the  latter  without 
mixing  with  it.  In  this  manner  —  hjf  roa^/ti^ *—  resins 
may  be  prepared  from  many  plants  ;  but  the  color  of 
the  resins  thus  prepared  is  usually  dark,  because  some 
of  the  resin  has  become  burnt,  and  is  thereby  richer  in 
carbon,  according  to  the  general  law,  that  hydrogen  h 
always  burnt  before  carbon. 

Mrperimeni,  —  Pour  strong  alcohol  upon  some  rea- 
inous  wood,  and  let  it  remain  for  a  day  in  a  warns 
place ;  the  resin  is  dissolved,  and  the  woody  fibre  re- 
mains behind     The  solution  is  poured  into  eight  times 
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it5  quantity  of  water,  which  is  thereby  reiiderfid  mUky, 
because  the  resin  h  precipitated,  but  in  sncli  a  state  of 
fine  divieion  that  it  floats  about  in  the  water  iji  iJic 
form  of  Btnall  globules-  If  this  milky  fluid  is  heated  to 
the  boiling  point,  the  resinous  particles  soften  and  unite 
with  each  other  in  small  lumps,  which  may  be  taken 
out  and  pressed  together  in  larger  massea.  This  k  m 
third  method  of  extracting  resin  from  vegetable  sub* 
stances, 

DIFFEREKT  SORTS  OF  BESm. 

570.  The  following  nxe  the  moit  Iraportaut  lesms:  — 

Pine'resin  is  the  resin  of  our  pinc-tnsea. 

Galipoi  is  a  very  dear  yelbwish*whjte  kind  of  pine- 
resin,  imported  from  France* 

Copal  is  of  a  yellowish-white  color,  turning  to  brown, 
and  very  hard ;  it  comes  to  U3  covered  with  sand  and 
earthy  from  whicfi  it  is  freed  by  washing  it  with  lye  aiid 
by  scraping*  The  copal  of  the  West  Indies  and  Africa 
Ijaa  a  smooth  surface,  but  that  of  the  East  Indies  in 
wriaklcd  and  uneven.  It  is  insoluble  in  common  alco- 
hol, but  it  partly  dissolves  iu  absolute  alcohol,  and  dis- 
solves entirely  in  ether ;  the  East  India  copal  dissolves 
the  most  readily. 

Dammara  resin  {Kauri  or  Chwdie)  is  colorless  or 
yellowish,  tolerably  hard ;  comes  from  the  East  Indies. 

3Jasik  is  yellowiahj  transparent,  comes  in  rounded 
tears,  and  exudes  from  a  species  of  Piatacia,  a  tree 
growing  principally  in  Greece, 

San4amchf  much  resembling  mastic,  but  yet  more 
brittle,  is  tlic  product  of  an  evergreen  tree  whidi  grows 
in  Africa. 

Lac  exudes  from  several  species  of  Ficus  growing  in 
the  Bast  Indies^  through  pojictureii  made  by  a  small 
Jsmect  caUed  tlie  Coe^^us  laeca. 
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o.)  Mch'tac  is  the  name  given  to  the  juice  dried 
upon  the  twigs. 

b,)   Se^d'lac^  when  it  is  brokea  off  from  the  twigs* 

r.)  S/icUaCj  when  it  is  melted  aud  strained  through  a 
cloth  to  remove  impurities*  The  liquefied  resin  is  com- 
monly made  to  drop  upon  large  leaves,  and  cooled ,  it 
thus  spreads  out  into  thin  plates*  The  finest  shellac 
has  an  orange  color,  that  of  inferior  quality  a  dark- 
brown  colon  It  is  very  hard  and  tenacious,  and  for 
this  reason  is  geaerally  used  in  the  manufacture  of 
sealing'wax* 

Benzoin  flowi  from  incisions  made  in  a  tree  of  the 
East  Indies*  The  resin  exuding  during  the  first  three 
years  forms  milk-white  grains,  but  that  formed  after- 
wards is  yellow  or  brown-  Both  sorts  arc  kneaded  to- 
gether; hence  the  amygdaline  appearance  of  the  com- 
mon benzoin.  Its  agreeable  odor,  somewhat  like  that 
of  vanilla,  has  rendered  it  a  popular  ingredient  in  fu- 
migating pastilles^  and  also  in  cosmetic  lotions  for 
beautifying  the  skin*  One  sixth  of  it  consists  of  ben- 
zoic acid- 

Dragon^ S'blood  is  a  brownish-red  colored  resin ;  it  is 
the  produce  of  several  palm-trees  growing  in  the  East 
Lidies, 

Guaiacum^  a  brownish-green  resin,  and  also  an  olive- 
colored  variety  of  the  same,  are  obtained  by  roasting 
guaiacum-woodj  and  arc  considerably  used  in  medicine, 

R&nn  ofjalup  is  extracted  by  alcohol  from  the  root 
of  the  jalapa. 

Many  other  resins  are  used  in  pharmacyi  for  in- 
stance, anime,  tacamahacj  elcnij,  &e. 

57L  Bitumen. —  Two  other  resins,  amber  and  as- 
pbaltumf  which  are  obtained  from  the  earth  or  from 
ttie  aea,  remain  to  he  mentioned. 
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Amber  probably  proceeds  from  the  forests  of  a  pri* 
maval  age,  which  ha^e  been  submerged  by  floofls  of 
water-  The  resins  fomi  an  exception  to  the  general 
rule,  —  they  do  Bot  putrefy  or  decay,  like  other  organic 
bodies.  The  amber-resin  might  accordingly  remaia 
for  centmies  unchanged  in  the  earth,  or  in  the  sea, 
while  the  trees  from  which  it  exuded  were  changed  into 
mould  and  earth,  or,  chemically  speaking,  became  de- 
composed into  carbonic  acid,  water.  Sec.  Arat>er  is 
found  most  frequently  in  the  Baltic  and  on  its  ooajsis, 
and  in  many  brown-coal  mines.  Its  hardness  and  ta» 
naeity  are  well  known,  since  it  is  formed  into  variauj 
articles  which  are  usually  manufactured  from  gkfis  or 
horn.  It  differs  from  other  resins,  as  it  yields  on  fusioii 
suc€ini€  acidf  and  undergoes  a  change,  in  consequence 
of  which  it  then  becomes  soluble  in  alcohol  and  aih^ 
which  scarcely  attack  it  in  its  unmelted  state.  By 
longer  4iiion  it  becomes  black,  and  is  ikon  called 
amber-coiophanf; ;  it  yields,  at  the  iarae  time,  a  very 
disagreeably  smelling  empyreumaUc  oil»  oO  of  amber, 
which  is  soraetimf's  used  ia  medicine. 

Anphattum^  or  pUch  of  JudtOf  h  likewise  a  mineral 
resin,  which  is  found  in  many  of  the  sea^  of  Asia^  par- 
tictilarly  in  the  Dead  Sea*  It  has  a  black  color,  and 
great  similarity  to  the  bl^ick  resin  which  is  obtained 
by  the  evapomtion  of  pit*coal  tar  (factifhus  asphal* 
turn).  Asphahnm  is  foand  in  other  places,  and  has 
a  soft  consiBtency,  and  resembles  turpentine  (B(irtkidatM 
tar)  ;  this  kind  has  in  later  times  been  mixed  with 
sand  and  lime  for  making  artUieial  pavements  and 
tiles-  It  is  very  probabIc,that  these  two  resins,  ou  also 
petroleum,  are  d<-Tivi*d  from  luyerw  of  ptt-t»05il  which 
have  been  heated  in  the  intrrior  of  the  tsirth  by  v«il- 
ca.^c  fires* 
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672.  Similar  resinous  substances^  of  a  black  color  and 
dtsagreeable  odor,  are  also  artificiaily  formed  whenever 
ntninal  and  vegetable  substances  are  heated  with  an 
ixiMjilicient  supply  of  air>  especially  during  dry  distil^ 
~Mioii  of  the  same.  Wheo  in  a  fluid  form  tliev  are 
called  lar;  in  a  solid  form,  black  pitch. 


pnoFERTms  OF  RESm, 

573,  It  was  stated  when  speaking  of  amber,  thut 

resins  are  substances  which  da  not  vndergo  decay ;  iu- 

kdeecl^  they  have  the  power  to  protect  from  deeomt>osi* 

fiion  other  bodies  which  very  readiiy  pa^  into  decay 

or  putrefaction,  —  for  instance,  flesh.     On  this  account 

.they  w^ere  formerly  used  for  embalming  dead  bodies, 

U'lilcb  arc  now  found,  after  the  lapse  of  centuries,  dried 

to  mummiesj  in  the  pyramids  of  Egypt 

674.  Remi  ami  Water.  —  The  resins  nB  a  general  nile 
arc  insoluble  in  water,  and  therefore  tasteless ;  but  some 
of  them  in  very  small  quantities  may  be  dissolved,  and 
these  usually  have  a  bitter  taste.  But  many  of  the  res- 
ins which  occur  in  commerce  contain  some  water  in  a 
state  of  minute  division,  and  are  thereby  rendered  dull 
and  opaque;  common  pine-resin  and  boiled  turpentine 
furnish  examples  of  this. 

Colophony  or  Rasin, — ^JSo:- 

periment.  —  Heat  a  piece  of 

the  solid  turpentine  (^  651)^ 

or  else  some  pine-resin,  in  a 

r—  spoon,   till   all    tire   water   is 

yl  eva  poratcd ;  the  mih^drom  res* 

^^^^  til  will  now  appear  perfectiy 

^TBf  transparent.     In  this  state  It 

^^  iM   called   cohphuntf^  or  ny^m^ 
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being  white  when  it  is  moderately  heated,  but 
when  the  heat  is  so  strong  as  to  convert  a  part  of  Ui« 
?e&in  into  black  pUcii.     Colophony  is  so  brittle,  that  ill 
may  easily  be  reduced  tjo  a  powder.     Wlien  the  bow 
a  loolin  is  rubbed  with  it,  thu  rosin  powder  formed  re 
mains  adhering  to  the  fibres,  and  these  tlien  agiiiti  ad-^ 
here  better  to  the  strings  of  the  violin,     A  similar  cffe 
ia  produced  on  the  cords  which  stistain  the  weights  ti 
clocks  when  they  are  rubbed  vtnth  rosin  to  prevent  thei 
slipping.     The  resins,  accordingly,  exert  an  effect  oonJ 
trary  to  that  of  oil;  by  resin,  a  rougli,  uneven  fttirface 
produced;  by  oil,  a  smooth,  sJippery  surface* 

575.  Action  ofHeai  on  Jttdns.  —  T!je  experittvent  fir 
performed  reveals  at  the  same  time  another  property  of 
resin,  namely,  ite  easy  fusil/iUtf/*      Most  of  the  re«t 
require,  in  order  to  become  fluid,  a  heat  which  i«  some 
what  higher  than  that  of  boiling  water.     If  the  melt 
rosin  is  poured  upon  a  board,  it  sprcadS|  and  for 
after  hardening  a  solid,  brill iant  coating  on  the  wooi 
The  resins  are  liereby  well  adapted  for  protecting  wood  1 
or  metal  from  the  penetration  of  air  or  water.     For  this 
reason,  iron  rails  and  iron  ornaments  are  covered  with  a_ 
coating  of  pitch,  to  prevent  them  from  being  so  quteklj 
oxidised  by  the  oxygen  of  the  air ;  for  the  same  i  ^ 
alsOj  wiue-casks  and  heer-borrela  am  smeared  wi  i 
that  no  air  may  penetrate  into  the  casksi  and  thai 
beer  may  penetrate  into  the  staves*    The  wood-work  of 
ships^  the  hatches,  itc,,  arc  covered  with  tar  to  keep  out^ 
the  sea-water  and  rain ;  and  finalty,  abo,  the  »oIid  and 
tenacious    remn,  sliellae,   is   employed    iu   the  form  o^ 
Bealing-wax  af?^  a  protection  against  enrioaity, 

Seaiinff-wax.  —  Ej^terimenL  —  Melt    together  ia 
small  ladle  one  fonrth  of  an  onna^  of  pale    '    ' 
drum  of  fia^pentinc,  one  dram  of  cinnabcn 
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fourtha  of  a  dram  of  prepared  chalk ;  scrape  out  the 
mass  while  yet  ductile,  and  roU  it  out  into  sticks  by 
the  htmds^  tnoiatciicd  with  water.  The  turpentioe  ren* 
dera  tilt:  sealing-wax  more  inflammablej  and  the  cinna- 
bar imparts  to  it  the  favorite  red  colon  Various  other 
colors  are  given  to  it  by  chrome-yellow,  azure-blue, 
mountain-green,  lamp-black,  bronze-powder,  &a 

576,  Hosin-g-as.  —  ExpcrimmU,  —  When  roaiii  is  heat- 
ed above  Us  melting  pointy  it  kindles  and  burns  with 
a  luminous  and  sooty  flame,  leaving  behind  some  cliar- 
coal,  Therefore  pondered  rosin j  when  blown  into  the 
flame  of  a  lamp,  bnnia  vividly-  In  many  places  iUu' 
7niftaiing'  g'os  is  prepared  from  it,  by  letting  it  drop  in  a 
melted  state  upon  coke,  which  is  heated  to  redness  in 
an  iron  cylinder  (rosin-g'as). 

Burnt  Pilch.  —  If  the  rosin,  after  it  has  burnt  for  some 
time,  is  extinguished  by  putting  a  board  over  it,  we 
shall  have  as  a  residuum  a  black,  burnt  resin,  skip-pitchy 
and  skoemakefs  waXf  possessing  great  tenacity* 

Lamp'bhck.  *—  Experiment  —  If  you  hold  a  cone 
made  of  blotting-paper  over  burning  pine-wood,  it  wiU 
soon  become  lined  with  soot.  Tlie  well  known  lamp- 
black  is  prepared  on  a  large  scale  by  a  similar  method, 
Besinous  wood,  or  the  resin  itself,  is  burnt  with  an  in- 
duilieient  supply  of  air  in  a  stove  furnished  with  long 
iflues,  or  with  a  chamber  in  Avhich  the  smoke  deposits 
its  carbon  on  its  passage  through* 

Experiment,  —  If  some  amber  is  scattered  on  glow- 
ing charcoEtl,  a  vapor  having  a  pleasant  balsamic  odor 
is  emitted  from  it  as  it  b moulders  away.  Amber, 
frankincense,  bcnfoin,  and  mastie  arc  on  this  acooutit 
frequently  used  for  fumigating  purposes, 

577.  Eiectrophomx.  —  Experiment,  —  Rub  a  stic 
0ealiiig*wax  for  some  minutea  upon  a  piece  of  d 
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and  then  approach  it  to  some  small  shreds  of  blo^ 
paper;  they  will  fly  up  to  the  sealing-wax,  and  remain 
adhering  to  it  for  some  time.    Thi:^,  ^ 
by  electricity  (resinous  or  negative  .  .  ^  .  ti  is 

generated  in  the  resins  by  friction.    If  you  pour  a 
ture  of  shellac  and  rosin  into  a  tin  plate  in  order 
obtain  a  laiger  eurface,  you  will  be  enabled  to  ex 
the  electricity  from  it  in  the  form  of  sparks,  and  to  col- 
lect it;  this  is  called  an  elecirophQruS  {bt^arer  nf 
city)*     This  mysterious  power  has  received  lii* 
of  eleciridiff  from  ij^*«TpoF,  the   Greek  word  for 
ber,  in  which  the  electrical  phenomena  were  lirai  ob*' 
served, 

578.  Resin  and  Almkol  —  ExperimettL  ^-  Wmp  h 
an  ounce  of  sandarach  in  paper,  and  break  it  with 
hammer  into  smaller  pieces;  then  mix  it  with  an  eight 
of  an  ounce  of  sand,  which  h^is  been  previously  IVeei 
from   its  pulverulent  particlcg  by  washingp  and  afters 
wards  thoroughly  dried,  and  pour  the  miJclure  into 
glass  vessel,  with  two  ounces  of  strong  alcohoL 
a  piece  of  bladder  over  the  vessel^  and  let  it  remaio^] 
for  several  days  in  a  warm  place,  frequently  stirring 
round.     The  clear  Bolntlon  of  resin  thus  obtained 
called  lac-varnish  J  because,  when  smeared  over  meiali 
wood,  or  paper,  it  leaves  behind,  after  the  alcohol  h 
evaporated,  a   varnished,  shining  coat     If  aleohol  i 
poured  upon  the  sandarach,  unmixed  with  sand^  tJi 
resinous  powder  will  cake  together  on  the  bottom 
the  vessel,  forming  a  tetmcioua  mass  of  resnti,  wh 
dissolves  much  more  slowly.     To  tmmishf  then,  is  to 
smear   the  surface  of  any  thing  with  rc«in.     By  t 
coat  of  varnish  articles  not  only  acquire  a  beautiful  bri 
liancy,  but  are  rendcn-d  at  the  same  time 
to  air  and  water-     When  paper  articles «—  u. 
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drawings,  charb,  Sec. — ^arc  to  receive  a  caat  of  varnish, 
glue  or  a  sokition  of  gum  mast  pre%noasly  be  spread 
over  them  several  times,  as  the  solution  of  resin  would 
otherwise  penetrate  into  the  fibres  of  the  paper,  and 
render  it  gray  and  transparent  This  imbibition  U 
usually  prevented  in  wooden  articles  by  smearing  them 
with  linseed  oil  before  putting  on  the  varnish*  When 
the  varnish  ta  applied  on  places  that  are  wet,  white 
opaque  spots  are  formed^  because  the  resin  is  separated 
by  the  water  as  a  dull  white  powder. 

Mvpcriment. —  Dissolve  half  an  ounce  of  shellac  in 
strong  alcohol  \  a  turbid  liquid  is  obtained,  as  the  shel- 
lac contains^  besides  the  resin,  small  quantities  of  was 
and  mucilaginous  substances,  which  float  about  uudis* 
solved  in  tho  solution  of  resin*  This  solution  is  also 
employed  as  a  lac  varnishi  but  much  more  frequently 
as  the  so-called  poUsh  of  tlie  en  bi  net-makers ;  that  is,  as 
a  solution  of  resin,  which  they  rub  continuously  upon 
the  wood  with  a  ball  of  linen,  until  the  alcohol  has 
evaporated*  By  this  means  a  yet  smoother  and  finer 
polish  is  obtained  than  by  merely  applying  the  resinous 
solation  with  a  brush,  the  marks  of  which  frequently 
remain  visible.  The  finer  articles  of  furniture  are 
usually  polished,  the  more  ordinary  ones  varnished* 

i579*  Rt\sins  and  Oih,  —  /^  '  vj',  —  Mix  Iialf  an 
ounce  of  dammara  resin  witli  nd,  and  pour  over 

the  mixture  two  ounces  of  oil  of  turpentine;  after  a  few 
iays  you  will  obtain  an  almost  complete  solution,  as 
the  vohiile  oih  art  likewise  able  ia  dissolve  resim* 
These  solutions  are  also  frequently  employeci  as  lac 
vamishcs ;  they  dry^  indeed,  more  slo%vly,  but  form 
a  more  tenacious  eonting,  which  is  less  liable  to  crack- 
The  paler  and  finer  varieliea  of  vamish  are  principally 
prepared  from  amber,  copal,  dammara,  sheUaCf  sanda* 
49 
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rach,  and  maatic  j  the  inferior  and  darker  kinds,  from 
amber-colophon  J,  common  colophony,  tiirpentinei  aa- 
phaltiim,  &c.     A  yellow  color  is  sometimes  given   to 


the  pale  varnishes  by  the  addition  of  dragoons- bloodj  of, 
gamboge,  I 

The  resins  are  likewise  soluble  in  fat  oih,      Blatiy 
ointments  and  plaaters  of  the  apothecaries  consist  of^ 
EDLxtures  of  fats  and  resins,  and  it  is  ihe  latter  whic 
commnnicate  to  the  formcj'  the  property  of  adhering 
the  skin.     Turpentine  is  usually  employed  for  this  pur-; 
pose, 

5S0*  Resinous  Soap.  —  Kqteri/mni.  —  Boil  in  a  Jug  i 
quarter  of  an  ounce  of  rosin,  with  one  ounce  of  strong 
potassa  or  soda  lye,  and  then  g^radually  add  lye  by 
^poonfiils,  until  a  sample  of  the  niixtnrc  dissolves  in  hot 
water,  forming  a  clear  liquid.     The  mass  hardens,  on, 
cooling,  into  a  solid  soap  (a  compound  of  the  rcsinona] 
acid  and  potassa,  or  soda)*      The  resins,  a^  we  see, 
comport  themselves  towards  strong  bases  like  the  fat. 
acid:?,  and  hence  have  an  extensive  applicatioji  in  the] 
manufacture  of  soap,  being  mixed  with  the  fata  in  dif- 
ferent proportions  in  the  manufactorc  of  the  chcapcrj 
kinds  of  soap« 

EtperinieML  —  Mix  a  sohdion  of  resin  soap  with  a| 
solution  of  alnm  j  an  insoJnble  eombination  of  resumHsi 
acid  and  aiumina  is  formed.     Rc^in  soap  Is  em|iloyefl[ 
for  the  sking  of  paper;  it  is  fir&t  ijjtrotluced  into  the 
vat  containing  the  pulpy  masa  of  which  the  paper  b 
to  be  made,  and  then  the  solntion  of  akim  is  added. 
There  in  ihus  formed  round  each  Cba^  of  the  pajier  a 
thin  layer  of  insoluble  alumina  soap  (resinous  acid  and , 
alonuna),  which  prevents  the  spreading  of  the  ink  J 
Aooording  to  the  old  ttn-thod,  the  siheetii  of 
pttBsed  through  a  Bolntion  of  glnci  whcrcbjf 
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layer  of  glue  was  formed  on  the  surface  of  the  paper. 
This  kind  of  paper  allows  the  ink  to  spread^  when  the 
coat  of  glue  has  been  scrapt^d  oft*  by  erasure  ;  but  this 
may  be  prevented  by  nibbing  some  resin  —  sandaracb 
Ma  the  best^iipon  the  spots  erased. 

ReBins  combine  with  baacs,  and  their  solations  red- 
den litmus-paper*  Accordingly,  they  may  be  regarded 
as  aculs. 

681,  Oomposifion  ofihe  E^sins.  —  By  altei-nate  treat* 
mf  nt  of  the  resins  with  cold  or  hot,  weak  or  strong  al- 
cohol, or  with  ether,  various  kinds  of  resin  may  be  ex- 
tracted from  most  of  them,  which  have  been  designated 
by  the  terms  alpha  (g),  beta  (^),  or  gamma  (y)  resins. 
The  natural  resins  are  accordingly  to  be  regarded  as 
mixtures  of  several  simple  resins* 

Only  the  three  elements  carbon,  hydrogen,  and  oxy- 
^•geu  (C,  H,  O)  occur  in  the  resins.  That  they  contain 
somewhat  more  oxygen,  and  less  hydrogen,  than  the 
volatile  oils,  has  already  been  stated  (|  566) ;  but,  never- 
theless, they  belong  to  the  bodies  rich  in  hpdrogeih  since 
they  burn  with  a  strong  flame. 


GtJM-RESINS. 

582-  If  you  divide  a  stem  of  poppy,  lettuce^  or  celan- 
dine, a  white  or  yellow  juice  exudes,  which  dries  up  in 
the  air  or  by  the  heat  of  the  sun,  forming  a  yellow  or 
hfovm  amorphous  mass*     This  milky  juice  consists  of 

'a  solution  of  gum,  intimately  mixed  with  minute  drops 
of  resin;  thus  it  forms  a  natural  emrdsion*  This  kind 
of  dried,  half-resinous,   ludf-gtimmy  vegetable  juice  is 

^called,  from  these  two  proximate  constituents, g^wwi^PJfin, 
Many  plants  of  hot  climates  are  especially  rich  in  sucb 

,  l^ednSiand  from  them  are  principally  obtained  the  gum- 
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resuia  occurring  in  commefce,  wbieh  have  Tariotiii  n^ 
plications,  particularly  in  pharmncy.  Among  tlio  motft 
important  are,  — 

Ammoniac  {gum  a?mwniac)^  the  ioBpUmted  milky 
juice  of  an  ACrican  umbt^Uiferous  plant ;  it  has  a  ycl* 
lowiBh  or  brown  color,  and  a  strong,  peculiar  smdl  and 
taste, 

AssafiElida  {stcrcus  diaboli)^  the  juice  of  a  Persian 
umbeUiferoua  plant-,  liaving  a  Ycry  unpleasant  smcUj 
lilce  that  of  garlic;  it  has  a  milk-white  appearaitce 
when  freshly  broken,  but  qoickly  changes  in  the  ftir  and 
light  into  a  pink  color, 

Aloes.^  which  has  a  brown  or  black  color,  and  Is  ex- 
ceedingly bitter ;  it  is  the  dried  juice  of  the  aloe-*plakftt, 
which  grows  in  great  abundance  on  the  Cape  of  Good 
Hope  and  the  adjacent  idand^, 

Efiplmrbiumt  which  cornea  in  browniflh-yellow  lean 
from  the  African  plant  Euphorbia  Canariensit^  and  con- 
tains a  very  acrid  substanee,  in  consequence  of  wlilcb 
it  vesicatea  the  skin,  and,  when  snuifcd,  excites  ioftam* 
mation  of  tlie  nostrils  and  the  most  violen* 

Galbanum^  a  yelbwiah  or  brownish  suL  ng 

a  strong  and  peculiar  odor ;  it  is  obtained  from  an  ever- 
green plant  of  Persia. 

Gamboge^  which  occors  in  orange-colored  masses  or 
sticks ;  it  is  obtained  from  the  leaves  of  an  East  liidiaji 
plant,  and  ia  principally  u^d  as  a  yellow  watcr^color  in 
painting, 

JXfytfk;  the  better  sorts  occur  in  pale,  brownish-yellow 
•  fragments^  the  inferior  M*rtf  jii   "    '   '  i(nvni!$h-rt*d  pi<*ccfl; 

has  a  bitWr  ta^te  and  a  li  odor,  and  evtidi?^ 

bom  incisions  made  in  a  ii^a  growing  in  Arabia. 

r     '■■      ^^    '  ■■'         •      ■:•       ..,-■.       *:,,,,..:u. 
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iated  in  the  air,  is  obtaiucd  from  a  tree  in  Persia,  It 
yields  an  agreeable  odor  upon  glowing  coals,  and  hence 

much  used  for  fumigating  purposes. 

Opium,  a  milky  juice,  which  exudes  from  incisions 
^made  in  the  heads  of  unripe  poppies,  and  is  inspissated 
by  exposure  to  the  air;  it  occurs  in  large  lumps  of  a  dark 
brown  color,  having  a  bitter  taste  and  an  offensive  nar- 
cotic odor*     The  soporific  effects  of  it  aie  weU  known. 

Laciucariumj  of  a  brown  color,  and  having  somewhat 
the  odor  of  opium ;  it  i^  the  inspissated  juice  of  several 
kinds  of  lettuce. 

Opopon€tXf  SagapenuMj  Scammiymft  and  many  others. 


PBOPEBTIES  OF  THE   GUM-RESINS* 

583,  Experiment,  —  Triturate  some  one  of  the  gum- 
resins  with  Wilier ;  the  gum  is  hereby  dissolved,  and  a 
turbid,  milky  liquid  (emiiUion)  is  obtained.  If  this  is 
boiled  for  some  time,  the  softened  particles  of  resin  cake 
together,  and  separate  as  lumps  ;  the  liquid,  having  be- 
come clear,  contains  now  only  tbe^gum  in  solution, 

EtperimenL  —  If  strong  alcohol  is  poured  over  the 
gum-resins,  and  they  are  digested  together  for  some 
time,  the  resin  only  is  dissolved,  while  the  gnra  remains 
undissolved.  The  well-known  tincture  of  myrrh  is  a 
solution  in  alcohol  of  the  resinous  particles  contained 
in  the  myrrh.  Most  of  the  gum-resins  contain,  besides 
resin  and  gum,  a  small  quantity  also  of  volatile  oils,  to 
wliich  they  owe  their  peculiar  odor. 
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CAOUTCJHOUC  (GUM  m^STIC)* 

584*  There  exudes  from  several  large  Soutli  Amcr* 
ican  trees,  when  incisions  are  made  in  them  through 
49* 
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the  outer  and  inner  bark,  a  milky  juice,  which  drie«i  u 
the  air  into  a  white  elastic  mat^s,  qaite  insoluhle  in  wa^ 
ter  ancl  alcohoL    It  ia  guni  elaslic,  or  caoutchuri*:,    Th 
drying  procjeedg  more  rapidly  when  the  milky  jaice  14 
spread  upon  moulds  of  clay  or  UmCj  and  then  su^pcndij 
over  a  fire*     If,  after  the  gum  is  dry,  the  clay  or  Utne  is 
removed  by  wa^^hing,  hoUow  articles  of  caoutchouc  orej 
obtained}  but  which  have  a  black  or  sooty  appeanuic<s| 
on  account  of  the  soot  mixed  with  them, 

ExperimenL — Caoutchouc  at  the  ordinary  tern  pern*  J 
ture  is  hard  and  stifFj  but  it  becomes  soft  wheu  it  b  put  j 
into  hot  water  or  in  a  warm  oven.  Cut  from  doc  of 
these  caoutchouc  bottles,  softened  < 
by  hcalj  a  i^quare  piece,  apply  itj 
evenly  round  the  ends  of  two! 
glass  tubes,  and  then  dip  off  wthj 
a  pair  of  scissors  the  ends  of  the  strip  in  the  directjonj 
marked  out  in  the  annexed  figure:  the  iresh  emfaccfl 
of  the  caoutchouc  adhere  firmly  to  each  other  (I  ] 

more  closely  when  they  arc  pressed  together  w^ 
naU,  yet  without  touching  the  freshly  cut  surfaces),  and 
^^  jtis,  thus  is  formed  a  tu;         '     '    '^ 

ly  tied  at  both  n, 
two  glass  tubes  atr-tight  with  each 
other.     In  ihi^  m;  "        ^.tu 

tubes  occurring  in  chemical  apparatus  :jf  ^    aai 

and  llexible,  and  the  risk  of  breaking  thcni  Is  Cberebyl 

dinj;;.:   \-  !. 

J  71/*  — Pour  some    petroleum   u[}on  a  few 

pieces  of  caoutchouc ;  the  caoutcliouc  will  Rwell  wp  in  . 
it,  and  may  then  be  converted  into  a  hv\  yas 

ma»s»     When  meltr>d  mth  shdkc>  tlie  raa^r     :    _ 
very  permanent  cement  for  wood,  stone,  ojid  irou  (abtp- 1 
glue). 


GUMS    AWD    GUM-RESiNg, 


EotperinieM*  —  If  ether,  oil  of  turpentine,  or  oil  of  pit- 
coai  tar  m  poured  upon  caoutchouc,  a  complete  solu- 
tion is  ohtaiaed.  Solutions  of  this  kiud  are  now  fre- 
quently employed  for  rendering  fabrics  wattrprool 
{MackifUosh)^  When  strongly  iieated  with  alcohol, 
caoutchouo  forma  a  horaogetieous,  tenacious,  black 
mass,  which  is  very  well  adapted  for  smearing  shoe- 
leathcr* 

Ei:p€rim€nt,  —  When  caoutchouc  is  held  in  a  burn- 
ing lamp,  it  takes  fire  and  burns  with  a  vivid,  sooty 
flame,  like  petroleum  or  oil  of  turpentine,  and  melts 
into  a  black,  gtutitioua  residue.  Tliis  melted  caout- 
chouc is  very  serviceable  for  preventing  the  sticking 
of  glass  stoppers  in  bottles,  in  wbich  lye,  &c.,  is  kept ; 
tha  stoppers,  when  coated  with  it,  remain  lubricous  for 
a  long  time* 

Caoutchouc  acquires  an  extremely  high  degree  of 
elasticity  by  intimately  mixing  it  with  sulpliur,  or  sul- 
phurct  of  arsenic  [vulamized  cuoidckouc). 

Caoutchouc  is  one  of  tlie  lew  solid  bodies  winch  con- 
tain no  oxygen  f  it  consists  only  of  carbon  and  hydro- 
gen, so  that  it  may  be  regarded,  as  it  were,  as  con- 
densed petroleum^  or  as  condenBcd  iUuinluating-gas. 

GtUta  Percha.  —  Under  this  name,  within  a  short 
time,  a  substance  resembling  caoutchouc  has  occurred 
in  cornmcice,  which  is  procured  from  the  milky  juice  of 
f  aeveral  East  Indian  trees ;  it  has  the  advantage  over 
caoutchouc,  that  it  becomes  quite  soft  and  plastic  by 
moderate  heating,  but  hard  again  on  cooling,  and  has 
found  already  various  applicationa  in  the  arts. 
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RETROSPECT   OF 


THE    FATS,   VOLATILE    OILSp 

RESIKS. 


1.  The  fats,  volatile  oilsj  and  regins  are  among  the 
very   generally  diffased   substances  of   the   vegetable 

rltiugdom;  most  of  them  comport  themselves  like  indif- 
"ferent  bodies,  many  like  feeble  aeide* 

2.  As  occurring  in  nature,  they  afe  mixtures  of  sev- 
eral similar  substances  with  each  other,  which  are, — 

a,)  The  fats ;  mixtures  of  solid  fats  (steariue,  mai^- 
rine)  and  of  fluid  fats  (oleine,  glycerine). 

i.)  The  volatile  oils;  mixtures  of  solid  stearoptene 
and  flnid  oleoptcncp 

c.)  The  rejoins;  mixtures  of  several  different  kinilft  of 
resin  (alpha,  beta,  gamma  resins,  &e.), 

3.  As  rcsjiecis  their  elementary  constitution,  Lhey 
consist  only  of  the  tliree  elementary  subst^anccs,  carboiit 
oxygen,  and  hydrogen  \  but  they  are  always  poor  til  €3a> 
pgcii  and  rich  in  hf/drog^en,  (Some  volatile  oils  contiiiis 
no  oxygen*) 

4.  On  account  of  the  excess  of  hj'drogen, — 

a.)  They  bam,  when  ignited,  with  a  brisk  flamei  nnd 
yieldj  on  decomposition*  by  a  glowing  heati  much  ooii^ 
bustible  gas. 

b.)  Moat  of  thera  are  so  light  that  they  float  upoi 
W^ater. 

r,)  They  are  dissolved  only  in  liquids  which  are  like- 
wise rich  in  hydrogen  and  poor  in  oxygen  j  for  instaricei, 
in  alcohol  and  ether,  but  not  in  water. 

5*  They  are  either  liquid,  or  are  easily  rendered  bo^ 
even  when  gently  heated. 

Gi  The  fats  of  animals  bare  exactly  the  samL»  eonsti- 
tution  as  the  vegetable  fats* 

%  By  the  addition  of  oxygen  many  kUid^  of  fat  bo- 
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G6me  solid  and  hard  (varnish  oils),  olhersi  on  the  con- 
trary, become  mncid  without  hardciiiiig  (unctuoua 
oils). 

8.  The  fat5  are  resolved,  by  strong  iiiorgaiilc  Mses, 
into  peculiar  aciJs  insoluble  iu  water  (fat  acids) ,  aud 
ijjto  mi  organic  base  (oxide  of  glyceryle)-     The  sepa- 
k  jated  fat  acids  hereby  combine  cheraically  with  the  in- 
organic basesj  farming  soaps.     'I'hc  alkalies  form,  with 
the  fat  acids,  soapsi  which  are  soluble  in  water;  tlie  ox- 
ides of  the  eartha   and  metals,  on  the  conlraryj  form 
I  soaps  which  are  insoluble  in  water. 

y.  The  volatile  oiis,  by  the  addition  of  oxygen,  pasi 
^into  resins ;  odm  also,  at  the  same  time,  into  acids, 

lU.  The  resiH!!  evijice  no  great  aihnity  for  oxygen ;  at 
lea§t  they  do  not  alter,  however  long  they  may  be  ex- 
jponed  to  the  air 

IL   Many  of  the  remns  combine  with  the  alkalies, 
forming  goaps  soluble  io  water;  with  the  earths  and 
I inetailic  oxides,  forniing  soaps  insoluble  in  water  (resin- 

fous  KOlips), 

12.  Balsamif  are  mixtures  of  resins  with  volatile  oils ; 
\tm-resins  are  mixtures  of  resins  with  gum. 


XIL    EXTRACTIVE  MATTER- 


J5.  Extrath. — ^The  vegetable  ?inb&tances  hitherto 
considered  are,  if  we  except  the  volatile  oils  and  some 
resins,  mostly  without  taste  and  without  any  etriking 
Ticdicinal  efieet;  moi^t  of  them  occur  very  generally  dif- 
' fused  in  the  vegetable  kingdom,  and  are  found  in  al- 
most all  vegelables.  But  we  observe  id  many  plants  a 
peculiar  taste,  and  when  swaUowed  a  peculiar  efibct 


upon  our  bodies;  consequently,  them  must  bo  athtst 
special  substances  preseut,  from  whidi  the  tiuite  and 
effect  proceed.  Wormwood  and  rlmbarb  have  a  biU 
fjer  tast^,  pepper  and  henbane  a  pungent  and  sharp 
taste^  the  roots  of  coueh-grasa  and  of  liquorice  a  s\vef?t 
tuste*  When  introduced  hito  the  stomachi  wonnwaocl 
is  stomachic,  rhubarb  purgative,  pepper  stimulating, 
henbane  narcotic,  &Ct  These  and  stmdar  aetioni  mtidt, 
even  at  an  early  periods  have  excited  the  attentinu  of 
man,  and  led  him  to  extract  the  tasting  and  medicinal 
principles  from  the  plants,  and  to  use  tliem  in  mt^- 
icine.  This  extraction  was  effected  in  a  simple  man- 
ner^ from  the  juicy  parts  of  the  plants  by  expression  j 
from  the  drier  partsj  by  treating  them  with  cold  water 
(maceration),  or  with  Iiot  water  (infusion),  or  by  boiW 
iiig  them  with  water  (decoction).  As  the  vegetable 
jttices  or  extracts  would  soon  become  soar  or  mouldVt 
the  water  is  evaporated  away ;  by  this  means,  a  pulpy 
or  pasty  maasj  or,  on  more  complete  desiccatioijj  a  solid 
amorphous  mass,  h  obtained,  which  is  exiled  an  exlraci 
(watery  extracts),  and  may  be  kept  lor  years  unchanged 
and  undecomposed.  Sometimes,  instead  of  water,  al* 
cohol  or  ether  is  used  as  a  solvent  (alcoholic  and  ethiv 
real  extracts)*  Many  of  these  extracts  are  alw^ya  kept 
on  hand  by  the  apothecaries  as  medicines,  and  one 
ounce  of  them  frequently  contams  as  much  active 
matter  as  one  pound,  or  even  several  pounds,  of  the 
vegetable  substance  from  which  they  were  pn^pared. 

It  has  already  been  stated,  that  most  of  the  vegetable 
jnices  contain  sometimes  larger^  sometimeni  smullcri 
qnontitiea  of  starch  (sedim<?nt),  mncusj  gum,  sogar, 
tannin,  chloro|ihyll,  vegetable  albumen,  salt^  addi, 
dec;  hence,  all  these  atibstancM^  do  not  Yc^tilize  on 
GiTEporation,  but  some  of  them  musri  ulso  be  present  in 
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the  watery  extracts.  It  is  likewise  clear,  that  in  the 
iplrituous  and  etliereal  extracts  all  those  &ubstaiicea 
[which  can  be  dissolved  from  the  vegetable  substances 
^ acted  upon  by  either  alcohol  or  ether  must  be  present, 
for  example,  resijia,  fata^  &c*  The  EXtrach  may^  oc- 
wrdinglt/^  be  regahkd  as  mixtures  of  various  kifuh  of 
veg-cliibh  mulicrt  as  mixtures  of  known  with  unknown 
vegetable  matter,  of  that  having  taste  with  that  having 
no  taste,  of  the  active  with  the  inert,  of  the  colorle&a 
with  the  colored,  fcc 

586.  Exlraclive  Mailer. —  On  closer  examination  of 
I  the  vegetable  juices  or  extracts,  it  has  been  fonod  that 
fafter  the  known  substances,  such  as  starch,  sugar,  albu- 
men, &a,  have  been  removed  from  them,  a  brown  or 
.black  uncTystallizable,  soluble  mass   remains   behind, 
.which  generally  possesses  in  a  greater  degree  the  taste 
and  tile  medicinal  effect  of  the  plant  from  which  it  has 
.been  extraeted*     This  masg  is  called  extractwc  matter^ 
and  is  distinguished  by  the  following  and  otlicr  prop- 
erties:  —  biiier  (in  wormwood,  buckbean,  aloes,  colo* 
eynth,  &€,),  aromatic  bUUr  (in  the  root  of  tlie  sweet- 
ilag,  in  hops,&c*),  acrid  (in  senega-root,  soap wort^  &a), 
&w€et  (ill  liquorlee-root,  root  of  couch*grass,  &c*),  nar- 
cotic (in  hemlock,  henbane,  &c*).     The  name  was  ob- 
viously a  very  convenient  one,  since  it  applied  to  all 
the  innumerable  vegetable  substances  not  thoroughly 
examined,  which  possessed  a  dark  color  and  did  not 
crystallize,  however  different  might  be  their  chemical 
constitution-    How  great  this  difference  may  be  we  in* 
fcr  from  this,  that  most  vegetable  substances,  for  in- 
stance, sugar  and  gum,  when  they  are  boiled  for  a  long 
time,  or  merely  exposed  to  the  air,  are  converted  into 
brown,  unciyBtallizable  compounds* 

587*  The  reason  why  all  extnirfa  have  a  brown  or  & 
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black  color  is  to  be  sought  for  in  this  ready  changeable- 
ness  of  vegetable  matter. 

Experiment.  —  Pour  upon  some  canoes   of   slioed 
liquorice-root  six  times  the  quantity  of  boiling  wateri 
and,  after  it  has  stood  for  some  days,  express  the  liquid ; 
when  this  has  been  filtered  through  l^lotting-paper,  it  is 
clear,  transparent,  and  of  a  sherry-wine  color.     Upon 
evaporation,  we  obtain  from  it  a  black  extract,  the  well* 
known  Spanish  liquorice,  which,  when  redissolved  in 
water,  no  longer  yields  a  yellowish,  but  a  dark-brown 
liquid.     Not  only  the  color,  but  the  taste  also,  has  per- 
ceptibly changed.     Both  changes  clearly  show,  that 
during  the  evaporation  a  chemical  decomposition  of 
the  dissolved  matter  has  taken  place.    It  is  very  simi- 
lar to  that  which  happens  during  the  putrefaction  or 
slow  oxidation  of  wood ;  namely,  oxygen  is  absorbed 
from  the  air,  and  some  hydrogen  and  carbon  are  hereby 
oxidized  into  water  and  carbonic  acid,  whereby  sub- 
stances similar  to  humus,  richer  in  carbon,  and  con- 
sequently darker-colored,  are  formed.     These  are  in 
part  dissolved  in  the  water,  and  cause  the  dark  color  of 
the  liquid ;  but  they  are  in  part  no  longer  soluble,  and 
therefore  separate  from  the  solution  as  a  dark-colored 
sediment.     This  sediment  has  been  designated  by  the 
likewise  very  indefinite  term,  oxidized  extractive  matter. 
From  this  it  results  as  a  general  rule  in  the  preparation 
of  extracts,  that  the  evaporation  of  the  vegetable  juices 
should  be  conducted,  if  possible,  with  exclusion  of  air, 
and  at  a  gentle  heat ;  it  is  best  done  over  the  water- 
bath. 

588.  Crystallizable  Retractive  Matter.  —  In  modem 
times,  several  of  these  peculiar  substances  have  been  ob- 
tained in  a  crystalline  form,  consequently  as  fixed  and 
independent  compounds.    Many  of  these  behave  very 


much  like  the  inorganic  basea  (potassa,  soda,  ammonia^ 
&e,) ;  that  is,  they  are  able  to  neiitralijse  acida  and  to 
form  salts  with  them :  these  are  the  organic  bases 
(J  590).  Others,  on  the  contrary,  possess  neither  basic 
nor  acid  properties,  —  they  are  indifftrtnt^  and  may  be 
called  crt/siaUhaMe  extractive  substancei^  at  least  until 
their  chemical  behaviour  shall  have  been  more  accu- 
rately ascertained  by  further  investigations.  As  yvt^ 
too  little  h  known  about  them  to  enable  us  to  express 
any  decided  opinion  concerning  them*  The  number  of 
the  plants  now  known  exceeds  a  hundred  thousandj  and 
it  is  not  improbable  that  extractive  matter  is  to  be 
found  in  most  of  them  ;  consequently  they  present  a 
fine  field  for  ne%v  discoveries.  After  what  has  been  said, 
we  may  Jnclnde  under  the  term  exiracHve  mutter  all 
sorts  of  chemical  substances  of  inditTerent  crystatliza- 
ble,  mid  of  indifferent  brownj  uncrystaliizable  matter,  to 
irhich  in  most  cases  we  ascribe  (he  ]>eculiar  taste  and 
^the  peculiar  medicinal  effects  of  plants.  Most  of  them 
are  characterized  by  a  bitter  taste,  and  hence  are  fre- 
quently called  bitter  subsstftnees.  Some  of  them,  name- 
ly, those  wdiich  are  insoluble  in  water,  do  not  evince  the 
taste  peculiar  to  them  until  they  ere  dissolved  in  some 
other  liquid,  for  instance,  in  alcohol  or  ether. 

589.  The  best  knoum  of  these  peculiar  stihsiancrs  will 
aow  be  briefly  referred  to.  Their  names  (as  also  the 
names  of  coloring  matters  and  of  the  organic  bases)  are 
tisnally  formed  from  the  Latin  names  of  the  plants, 
with  the  addition  of  the  affix  m  or  ine. 

Absifiihiaei  from  wormwood,  very  bitter;  a  colorless 
cryatallimi  ma^s, 

Am^duHne^  from  the  biHcr  ilmonds,  slightly  bitter^ 
OTstalliKes  in  lustrous  silky  scales;  it  has  the  very  re* 
markable  property  of  being  converted  into  a  volatile  oil 
50 
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containing  pnissic  acid  (oil  of  bitter  almonds)  when  it 
is  mixed  with  dissolved  vegetable  albumen. 

Centaurinei  from  the  Chironia  centaoriomi  bitter;  aa 
yet  only  known  as  an  extract 

Cetrarincj  from  Iceland  moss,  bitter ;  a  white  powder. 

Columbine^  from  columbo-root|  very  bitter,  crystallizes 
in  white  prisms. 

Gentianinej  from  gentian-root,  very  bitter,  crystallizes 
in  yellow  needles. 

Imperatorinej  from  mastcrwort,  very  acrid  and  burn- 
ing ;  in  white  crystals. 

Lupuline^  from  hops,  an  agreeable  bitter;  a  white  or 
yellowish  powder. 

MeconifiCf  from  opium  (poppy-juice),  acrid  to  the 
taste ;  in  white  crystals. 

Picrotozine^  from  the  seeds  of  the  Cocculus  Indicus, 
very  bitter,  narcotic,  and  poisonous ;  in  white  needles. 

Quassine^  from  the  wood  of  the  quassia,  very  bitter ; 
in  white  crystals. 

Santoninej  from  worm-seed,  bitter,  in  white  crystals. 

Scillitinej  from  squill,  nauseously  bitter;  a  white 
amorphous  mass. 

SeneginCj  fiom  senega-root,  acrid  and  astringent;  a 
white  powder. 

Glycyrrhizine^  from  liquorice-root,  very  sweet;  a 
pale-brown  amorphous  mass. 

PopuUnej  from  the  leaves  and  bark  of  the  poplar, 
sweet ;  crystallizable  in  white  needles. 


Asparoffine^  from  asparagus,  having  an  insJ4)id  taste ; 
in  white  crystals. 

ISmilacine^  from  the  root  of  the  sarsaparilla,  tasteless ; 
in  white  crystals. 
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By  far  the  greater  proportion  of  these  inbstances  cou- 
sist  of  the  three  elemt*nt3  carkm^  hi/dmg-en^  and  oxygen ; 
some  few  only  contain  also  a  little  nitrogen. 


XIIL     COLORING  MATTER,  OR  DYER 

590.  Wjien  the  peculiar  subatances  which  have  been 

ftreafed  of  in  the  previous  section,  tinder  the  name  of  ex- 

tmetivc  matters,  are  themselves  colored,  or  become  so  by 

Ihe  action  of  other  aubstancesj  they  are  called  cohritt^ 

natter^  nr   di/es.     Most   of  those   colors  whose  inim* 

itable  splendor  and  variety  we  admire  in  tlio  nowcrs  of 

plants  are  so  exceedingly  evanescent,  that  they  fade 

'OF  disappear  on  withering  or  drying,  and  very  rapidly, 

•especially  when  they  are  exposed  at  the  same  time  to 

the  ennehine.     The  same  hnppens  when  we  attempt  to 

extmet  or  separate  the  coloring  matter  by  exprcBsion,  or 

in  some  other  way,     A  few  plants  only  contain,  some- 

timei  in  the  roots  or  the  wood,  sometimes  In  the  leaves 

j^or  fruit,  coloring  juices  of  such  permanency  that  they 

ire  more  difficultly  and   slowly  decomposed  by  the 

light;  these  may  be  extracted,  and  then  employed  for 

coloring  other  substances.     These  colors,  however,  am 

turned  white  by  chlorine  or  snlphuroud  acid  (bleached)- 

Their  extraction  may  be   effected  in  most  cases  by 

•water,  sometimes  also  by  alcohol  or  other  liquids.     As 

ame  extracUve  substances  in  the  former  section  have 

been  obtidned  in  a  crystallirie  form,  m  also  crystallized 

ucoloring  substances  have  been  separated  from  cokired 

^extractive  matter;  but  other  coloring  principje!i,  on  the 

contrary,  are  only  known  in  the  form  of  extracts.    The 

names  wliieb  have  been  given  to  these  coloring  sub* 
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Btances  likewise  terminate  in  ine^  and  are  included 
in  parentheses  in  the  following  list  of  the  most  impoir- 
tant  vegetable  coloring  matters. 

591.  Red  and  Violet  Coloring  SubsUmces. 

a.)  Madder  is  the  gronnd-up  root  of  the  Rabia  tino- 
toram.  The  fresh  root  looks  yellow,  bat  when  exposed 
to  the  air  it  becomes  red,  owing  to  the  absorption  of 
oxygen,  and  yields  a  superior  permanent  or  fast  red 
color  in  dyeing,  for  instance,  the  brilliant  Turkey- 
red;  also  beautiful  lake  colors,  such  as  madder-lake. 
(Coloring  matter.  Alizarine^  or  madder-red,  crystallizes 
in  yellowish-red  needles,  soluble  in  boiling  water.) 
Madder  contains,  moreover,  a  yellow,  an  orange,  and 
a  brown  coloring  matter. 

6.)  jBra2i7-tr(w?rf  (Femambuca),  from  the  heart-wood 
of  several  trees  growing  in  South  America,  imparts  to 
different  materials  a  beautiful  but  not  very  permanent 
(not  fast)  red  color.  It  is  employed  also  in  the  prep- 
aration of  red  ink,  of  drop-lake,  &c  (Coloring  matter, 
Brazilinej  crystallizes  in  orange-colored  needles,  easily 
soluble  in  water.) 

c.)  SaffloweKj  the  flowers  of  the  dyer's  safiiron,  are 
used  for  obtaining  a  brilliant  rose-color  (for  pink-sau- 
cers).   (Coloring  matter,  Carihamine^  soluble  in  water.) 

d,)  The  alkafiel-root  contains  in  its  bark  a  resinous 
coloring  matter,  which  is  consequently  not  soluble  in 
water ;  cloth  is  dyed  violet  with  it,  but  alcohol,  oils  (as 
petroleum),  and  fats  (as  lip-salve),  are  colored  pink 
with  it 

c.)  Sandal'wood  (red  sanders-wood),  the  rasped 
blood-red  wood  of  a  tree  growing  in  the  East  Indies, 
contains  likewise  a  red,  resinous  coloring  matter  {San- 
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/)  The  red  dyes  occurring  in  mnny  fruUs^  as,  for 
instance,  cherries,  raspberries,  &c,,  are  but  slightly  du- 
niblc,  end  ouly  used  for  coloring  cotifectionery,  cor* 
dlali^i  &c^ 
^,)  Coehineal  is  a  dried  inseet,  which  is  brought  to  us 
:>ni  Mexico,  The  well-known  red  carmine  13  obtained 
from  it,  and  in  dyeing  establishments  a  very  brilliant 
Bcarlet  and  purple  red  is  prepared  from  it  ( Chchinealr 
ffedf  reddish-purple,  crystalline  grains.) 

A,}  Lac*lake^  or  kic-dye^  h  a  reddish-black,  resinous 
^tnass,  wliich  is  obtahied  in  the  preparation  of  shellac 
k(§  570) ;  it  contains  a  red  coloring  matter  very  shuilar 
-'to  cochineal-red. 

592,  Telhw  Coloring'  Subslames. 

a.)  Fustic  is  the  ra.^ped  tmnk-wood  of  a  mulbcrry- 
^trce  growing  in  the  Weat  Indies,     (Morine^  crystidli;Ees 
in  ydlow  iieeJles,  soluble  in  water) 

L)  Quercitron^  a  nankeen-yellow  powder,  miscod 
with  fibrous  fragrnenti?,  is  obtained  from  the  bark  of  tbo 
Mack  oak,  a  tree  of  North  America.  {Querdiriner  a 
yellow  powder,  soluble  in  water.) 

c.)  BuckUtorn^  Persian^  or  f/ellow  berries  are  the  fruit 
of  the  buckthorn,  growing  in  warm  countries,  and 
gathered  before  ttiey  are  ripe,  (Coloring  matter  only 
known  as  an  extract^  soluble  in  %vater.) 

d,)  Weld  and  df/er^s  weed  are  the  names  given  to  the 
Hcj^eda  Inteola,  dried  after  it  has  done  blooming,  {Lm- 
teoiiTWf  crystallizes  in  yellow  needles,  soluble  in  water,) 

The   four  last-mentioned    coloring    substances    are 
.  Jjrincipally  used  for  dyeing  silk,  wool,  cotton,  and  other 
materials,  yellow. 

€*)  Annotto^  orleana^  occurs  as  a  brownish'red  paste, 
which  is  prepared  from  the  pnin  surrounding  the 
SO* 
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of  the  Bixa  Orellana,  and  eotitaiiiB  two  coloring  prmci- 
pies,  a  yellow   and  a  red-     The  former  Is  dia^iolvei 
when  the  atiootto  is  boiled  with  water,  ifir^  luttif  oi 
boiling  it  with  a  weak  lye  ( OreUine)* 

fj)    TtirmvHCi  the  root  of  a  plant  growing  in  the  liaat 
Indies,  is  very  rich  iii  a  resinotid  yellow  dyi*,   whicli 
id  colored  brownish*red  by  alkalieap    Paper  stained 
it  may  theretore  be  us*ed  like  red  litmus-piiper  for 
tecting  alkalies*      {Curcumim^  an   amorphous  yelloWj 
tnaitd.) 

g;)  Saffron  comista  of  Uie  dried  stigmas  of  the  flow« 
era  of  tiie  Crocus  sativus.  Its  appUcatioii,  in  coloring 
articles  of  food  and  eordiak  yellow,  is  well  enough 
known.     {Poiychroiie.) 

693.  Green  Cotoring  Stibsiances* 

Leaf-green  (chhrophi/U)  is  one  of  the  most  Wid« 
diSused  substances  in  the  vegetable  kingdom,  Mtice  iil 
oecufs  in  all  parts  of  the  plant  which  posiees  a  green] 
color*    As  found  in  planti^^  it  is  a  mixture  of  wax  audi 
of  several  coloring  matters  not  well  known.     It  need] 
hardly  be  said,  that  it  13  not  iolublc  in  water;  for  if  it  I 
were,  the  water  would  become  green  on  flowing  ovcrl 
meadows.     The  ejcpresaed  juices  of  the  lierbs  are  in-' 
deed  green,  but  it  is  obvious  from  their  iurbidne&ft  that 
the  leaf-green  Is  only  mechanically   mixed   with  thcl 
liquid,     We  become  «till  more  fully  convinced  of  tlii^ ' 
by  the  aepiu-ation  of  the  coloring  matter  w^hich  lakes 
places  when  the  juices  are  boiled,  or  allowed  to  remain 
for  some  time  in  repose.     If,  on  the  other  hand,  alcoliol, 
etbeer,  or  weak  tye^  ia  poured  on  the  grecii  leaves,  we 
obtain  green  ^oUitioiifl;  hence  all  the  tincturei  of  pbar* 
maey  which  arc  prepared  from  If  r-  —  '>     •-    .^  a 

gieeji  color.     The  green  color  ojSi 
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pafts  of  the  plant  which  afe  exposed  to  the  light;  it  is 
obvious  from  thia,  that  the  chemical  compound  which 

^  we  call  chlorophylt  is  only  generated  with  the  coopera- 
tion of  light     When  separated  from  plants,  this  color- 
ing matter  is  very  soon  decomposed  j  it  is,  therefore,  not 
it  all  suited  for  a  coloring  substance,  except,  perhaps, 

Hof  cardials  and  other  liquids.  In  the  autumn  it  is  con- 
verted in  the  leaves  themselves  into  kaf-yellow  and 
leaf*red,  probably  by  a  process  of  oxidation. 

Sap'g^reen  h  an  extract  prepared  from  the  juice  of  the 
buckthorn  berries,  by  the  addition  of  alum, 

594,  Blue  Chhring  Substances, 

Indigo,  —  Several  plants  of  hot  climates  contain  a 

.iColorless  juice,  from  wliich,  after  standing  in  the  air  and 

ibstracting  oxygen  from  it,  a  blue  sediment  is  dcpoa^ 

Ited,  that,  when  dried,  forms  the  well-known  indigo. 

This  substance,  very  important  to  science  and  the  arta, 

usually  occurs  in  commerce  in  deep  blue,  friable  cakes, 

which  exhibit,  when  rubbed  by  the  nai!,  a  coppery 

-jcolor  and  lustre.     It^  brilliant  blue  coloring  matter  is 

^ealled  indiffO'blue ;  but  besides  this,  tlie  crude  indigo 

contains  other  foreign  substances^  such  as  tndigo-gluten, 

indigo-brownj  indigo-red* 

Indigo  is  quite  insoluble  in  water,  alcohol,  ether,  &c ; 

there  is  only  one  liquid  known  wliich  can  dissolve  it, 

liming  sulphuric  acid  (^  170).     The  imligo-blue  chcra- 

'ically  combines  with  the  sulphuric  aeid,  forming  a  blue 

compound  soluble  in  water,  which  is  caUed  Bufphifp- 

mdigr^lic  acid.     Wlmt  we  call  tincture  of  indigo  is  priu- 

"ci  pally  a  mixture  of  water,  sulphindigotic  add,  and  free 

sulphuric  acid. 

The  sulphindigotic  acid  combines  hke  a  simple  acid 
with  bases,  forming  salts.      The  best  known  of  theae 
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mhs  is  tmfyiiwdigoiale  (fpaUssa  (falne  enmiiie), ' 
Kobcuned  as  a  deep  hhi#>  pgwpjtMtn  wti>«  A^  ■nlph;»>, 
disodc  add  i*  nemralized  br  potaaa.    Tlie  blue 
mine  15  iodeed  soixxe  in  pore  waxa^  bat  not  in 
ooczainio^  a  sail  in  soimioD. 

J>£*:aidaiom  of  ImHea.  —  We  can  aboi  bat  in  a  very 
diSsen*  v^y.  recder  indigo  sohibley  by  mixing  it  with 
ho^tss  which  bare  a  Toy  eieas  affinity  for  oxygen ;  for 
LLstan-^?.  Tidi  protoxide  of  iioo,  protoxide  of  tin,  &c. 

KzpsriMLemL  —  Trinzra^  half  a  dram  oi  findy  pow- 
der^ indl^Ok  wiih  naif  a  dram  of  green  \itiiol,  and 
one  cnrz.  and  a  hall  of  slaked  lime;  shake  np  the 
xzixmre  in  a  fo^ir-OGizce  boicie ;  then,  having  filkd  the 
bcc:^  with  wa:er  and  dosed  it  tigfady,  let  it  stand 
fc-r  seTenI  days ;  the  indigo  gradoally  loses  its  bloe 
OTvcr.  ini  dissclves  into  a  clear  yellowish  liqoid.  The 
r<KiT  ^iiea  eiiects  :he  decoioraiion  is  the  protoxide  of 
iios.  wLich  is  sepaniied  by  means  of  the  lime  from  the 
gr^en  virnoL  This  attracts  oxygen  from  the  indigo, 
whereby  the  latter  becomes  colorless  and  solable  in 
lime-water  {ndmeed  indigo).  As  soon  as  the  clear 
liquid  is  exposed  to  the  air.  it  again  attracts  oxygen  and 
becomes  bine.  If  yon  satnrate  a  piece  of  blotting-paper 
with  ihe  iii^iiid.  and  then  dry  it  in  the  air,  it  first  be- 
comes green,  and  then  blue,  and  the  blae  color  formed 
adheres  quite  firmly,  since  it  has  not  only  senled  upom 
bat  M  the  fibres  of  the  paper.  In  dyeing  estabUsh- 
men;s.  snch  a  solution  of  indigo  is  called  the  cold  vaL 
A  thifd  method  of  rendering  indigo  soluble  is  by  add- 
ing it,  tc^ther  with  hot  water,  to  a  mixture  of  braiii 
woad,  madder,  dec,  which  (carbonate  of  potassa  and 
lime  being  present)  passes  into  fermentation.  The 
fermentation  is  partly  acid,  and  panly  putrid ;  in  both 
oxygen  id  required,  which  is  in  part  taken 
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from  the  indigo.     The  deoxidizedj  colorless  indigo  dia- 

lolvea  in  tlie  alkaline  liquid  {warm  vai).      By  treating 
indigo  with  bodies  which  readily  part  with  oxygen,  for 

^instance,  with  nitric  acid,  chioinlc  acidj  (5cc*j  we  have 
11  modem  times  become  acquainted  with  some  very 
interesting  products  of  oxidation  (isatine,  isatinic  acid) 

^ftnitic  acid,  picric  acid,  iScc). 

Woad  is  ii  European  plant,  which  likewise  contains 
indigo,  but  in  far  lesg  quantities  than  the  foreign  in* 

^digo  plar^ts. 

Logwood^  or  Campeachi/*woQd^  the  reddish-brown  in- 
terior wood  of  a  tjree  of  tropical  AmeticEj  is  one  of  the 

.most  common  coloring  matters  fur  dyeing  blue,  violet, 
ind  black.  {Htrmaioxf/Hne^  in  yetlowisli  cryataUj  which 
become  speedily  violet  and  blue  in  the  air^  owing  to  the 

Lammonia  always  contained  in  the  latter*) 

ArchiL — Several  species  of  lichens,  growing  on  the 
locka  in  England  and  France,  contain  peculiar  sub- 

iPtanccs  (orcine^  ert/thnnc^  &c,},  which,  altliongh  In 
tlicrnsclves  colorless,  acquire  a  beautiful  purple-red  color 
when  they  are  acted  upon  by  ammonia.  It  h  com* 
mon  to  putrefy  the  bruised  lichens  with  urine,  and 
then  a  red  or  vioK*t-colored  paste  is  obtained  {ctidbeaTf 
persio^  orcAiV).  By  the  addition  of  lime  or  potassa,  this 
fed  is  chanpfed  into  blue  (toni/A').  We  have  examples 
of  both  these  coloring  matters  in  red  and  blue  test 
paper. 


595,  Mi^enments  with  Coloring'  Substances* 

Experiment  a,  —  Take  up  some  sandal*wood  on  the 

point  of  a  knife  and  put  it  on  a  filter,  and  pour  over  it 
ftome  alcohol ;  tbc  alcohol  which  passes  through  has  a 
red  color,  and,  w^hen  poured  upon  a  pirce  of  wood,  im- 
to  it  an  Intense  blood-red  color.     Cabinet-makers 
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frequently  employ  this  solntion  for  staining  fnmitore. 
Alcohol  acquires  a  pink  color  when  a  small  piece  of 
alkanei-root  is  put  into  it  Water  will  not  extract  a 
red  dye  from  either  of  these  substances.  Those  color- 
ing matters  which  are  soluble  only  in  alcohol  are  called 
resinous. 

Experiment  b. — Boil  for  some  time  in  a  jar,  —  1st, 
F!g.2i6.  French  berries;  2^^  Brazil-wood ; 

and  3d,  logwood;  each  separately, 
with  twelve  times  its  amount  of 
water ;  the  decanted  decoction  of 
the  first  is  yellow,  of  the  second 
reddish-yellow,  and  of  the  third 
brownish-red;  a  sufficient  proof 
that  the  coloring  matters  con- 
tained in  these  substances  have  been  dissolved  in  the 
water.     Dyers  call  these  colored  decoctions  baths. 

Experiment  c.  —  Divide  these  coloring  decoctions  into 
t^-o  equal  parts.  Dissolve  a  quarter  of  an  ounce  of 
alum  in  one  of  each  of  the  parts,  and  then  add  to  them 
a  solution  of  carbonate  of  potassa,  as  long  as  any  pre- 
cipitate subsides.  As  was  stated  in  §  260,  the  hydmte 
of  alumina  is  precipitated ;  but,  together  with  this,  the 
coloring  matter  is  also  precipitated,  and  hence  the  pre- 
cipitates are  colored.  These  precipitates  are  called 
lakes.  The  lake  obtained  from  the  French  berries  oc- 
curs in  commerce  under  the  name  of  yellow  lake,  that 
from  Brazil-wood  as  drop-lake. 

Experiment  d.  —  Prepare  a  solution  of  alum  (a), 
another  of  salt  of  tin  (6),  a  third  of  green  vitriol  (c),  a 
fourth  of  carbonate  of  potassa  (rf),  a  fifth  of  tartaric  acid 
(c),  and  saturate  a  sheet  of  white  blotting-paper  with 
each  solution.  When  dry,  cut  each  sheet  into  three 
Btripsi  smear  one  of  the  strips  from  each  sheet  with  the 
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berriesjanQthcruf  them  with  the  Brazil-wood^  and  the 
tJiird  set  with  tht*  logwood  decoction^  and  again  dry 
them.  You  will  find  that  one  and  the  same  coloring 
matter  produces  a  different  color,  or  shade  of  color,  upon 
each  of  the  five  sheets.  This  color  will  be  very  slight 
when  the  colored  decoctions  are  applied  to  mere  blot- 
ting-paper {/),  If  yoa  now  immerse  the  colored  and 
dried  strips  in  warm  water^  tlie  colors  will  be  for  the 
most  part  dissolved  from  the  three  last  test^  {*/,  e,/), 
but  not  from  the  former  (a,  6,  c)-  Those  salt-s  which, 
like  alum^  salt  of  tin,  and  green  vitriol,  have  the  power 
of  forming  insoluble  combinations  with  the  coloring 
matters,  and  fixing  them  firmly  in  the  fibres  of  the 
cloth,  are  called  monlants^  and  arc  generally  employed 
in  dyeing  and  calico-printing  establishments,  to  fi.\  the 
dyes  upon  the  various  materials,  such  as  silk,  wool,  cot- 
ton, linen,  &c.  That  which  effects  the  coloring  is  m\ 
insoluble  lake  color^  that  ia,  a  combination  of  the  color- 
ing matter  with  alumina,  peroxide  of  tin,  or  sesquioxide 
of  iron,  but  which,  in  order  that  it  may  adhere  firmly, 
must  first  be  formed  witiiin  the  pores  of  the  vegetable 
fibre.  If  it  is  formed  on  the  outside  of  tljem,  it  only 
covers  the  fibres  externally^  and  then  merely  adherer 
mechauically  njmn  them ;  such  a  color  may  be  removed 
from  the  material  by  rubbing,  shaking,  and  also  by 
wai^liirig. 

The  process  pursued  in  the  printing  of  calico^  &c.,  is 
very  similar,  with  this  difference,  however,  that  the 
mordants  are  only  applied  m  spols^  or  else  the  whole  of 
the  cloth  La  firi^t  eoven?d  with  the  mordant,  which  ia 
jain  removed  In  spots  (§  l^}-  When  a  piece  of  cloth 
lus  treated  is  immersed  in  the  coloring  decoction,  the 
coloring  matter  will  be  precipitated  only  in/those  places 
covered  with  the  mordant,  and  thus,  instead  of  one  un- 
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mterropied  homogeneoas  color,  an  mtennpted  \ 
obtaiDed,  presenting  a  ptttton. 


XIV,   ORGANIC  BASES,  OR  VEGETABLE 
BASES   (ALKALOIDS). 


,  596,  It  has  already  been  mentioned,  under  the 
of  extractiire  matter,  that  many  plant'%  contaiD 
sabstaiiecSf  which,  like  the  inorgaJiie  bas^  can  comfaiiie^ 
with  acids,  forming  salts :  they  are  called  orgmUe 
Many  of  them,  abo^  like  the  alkaiie^  exert  m  bsste  ie» 
actioEi  upon  red  test-paper ;  hence  the  second  namci  §1* 
kaloids.     The  organic  bases  are  to  the  inorgajijc 
what  the  organic  acids  are   to   the   in  organic 
Tlie  organic  bases  are  composed  of  two,  comtnonlj  of 
four  elements  (carboni  hydrogen^  oxygeit,  and  nttivjgeii)^ 
the  inorganic  of  two  elements  only ;  they  are  cbamd 
and  consumed  by  heati' — the  inorgmnic  bases  are  not; 
they  undergo,  in  the  presence  of  water  and  heat,  a  po- 
trefactive  decomposition,  —  tlie  inorganic  bases  do  not 
They  are  characterized  by  containing^  almo&t  withool 
exception,  nitrogen  in  tbeir  composition* 

Almost  all  organic  bases  dissolve  w*ith  diMcoIty,  ct 
not  at  all^  in  water,  but  more  readily  in  aicohot;  tlior 
solutions   have   commonly  a  very  bUtet  taste, 
general  rule,  they  dissolve,  when  combined  with 
as  salts  much  more  easily  in  water,  than  they  do 
in  their  simple  condition. 

Most  of  the  organic  bases  known  at  present  are  de^ 
rived  from  those  plants  which  are  characterized  by  tbdr 
poisonous  qn  all  ties  or  by  their  medicinal  effeetSf 
we  have  strong  reasons  for  attributing  to  tliem  |]ie 


mnous  and  medicinal  properties  of  the  plants.  Many  o{ 
them  ar©  viruJent  and  dangerous  poigons ;  but  in  very 
small  doses  they  are  energetic  medicines.  One  grain 
frequently  possesses  the  same  medicinal  power  as  an 
ounce^  or  even  several  cuneea^  of  the  vegetable  sub- 
stances from  which  they  were  obtained. 

The  vegetable  bases,  when  they  are  dissolved,  are 
almost  without  exception  precipitated  by  tannic  acid  aa 
nearly  or  entirely  insoluble  tan  nates,  for  which  rea- 
son liquids  containing  tannic  acid,  such  as  tincture  of 
gall*nuts,  decoction  of  green  tea,  or  of  oak-bark,  &c., 

I  are  not  only  employed  as  reagents  for  detecting  vcge- 

f  table  bases,  but  also  as  efTR'tent  antidotes  in  cases  of 

'  poisoning  by  them. 

The  vegetable  bases  occur  generally  in  combination 
with  vegetable  acidi^.  They  are  separated  from  tliese 
acids,  and  extracted  from  the  vegetable  matter,  by  add* 
ing  t^  the  latter  some  water,  and  an  acid  which  is 
stronger  than  the  vegetable  acid  and  forms  with  the 
base  an  easily  soluble  salt  (muriatic  acid,  sulphuric 
acid,  Ace,).  If  an  inorganic  base  (potassa,  lime,  ammo* 
nia,  magnesia,  &c,)  is  added  to  the  acid  solution,  the 
organic  base  ia  then  precipitated.  But  there  are  also 
numerous  other  methods  of  preparing  these  ba^es;  all 
of  them,  however,  are  long  and  complicated,  for  the 
reason  that  many  other  substances  are  ako  extracted 
from  the  plants  at  the  same  time  with  the  basesj  which j 
very  many  cases^  can  be  separated  and  puri^cd  only 
by  laborious  operations. 
597.    Some  of  the  most  important  organic  bases 

tare:  — 

Aconitmey   from    the    Aeonitum   napellus    (monkV 
hood),  a  whlte^  granular  powder,  extremely  poisoaouip 
of  a  grain  wmU  kill  a  sparrow, 
51 
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Atropine^  from  the  root  of  the  beUadonna  (deadly 
nightshade) ;  it  crystallizes  in  white  silky  prisms;  very 
poisonous. 

Chelidonine^  from  the  celandine ;  crystallizes  in  color- 
less tables. 

Quinine  is  found  combined  with  kinic  acid,  diiefly  in 
the  crown-bark  and  in  the  Calisaya-bark,  and  crystal- 
lizes in  silky  needles ;  but  it  also  occurs  under  the  name 
of  quinoidine  in  the  amorphous  state,  as  a  dark-brown 
resinous  mass,  and  is  a  very  important  medicine.  The 
basic  sulphate  ofquinine<,  which  occurs  in  white  needlesi 
is  most  commonly  used  in  medicine.  This  is  very 
difficultly  soluble  in  water,  but  is  very  readily  dissolved 
in  it  when  sufficient  sulphuric  add  is  added  to  convert 
it  into  neutral  sulphate  of  quinine.  Another  base,  very 
similar  to  quinine,  occurs  in  the  gray  cinchona-bark ;  it 
crystallizes  in  white  prisms,  and  has  received  the  name 
cinchonine. 

Caffeifiej  or  theine,  from  the  unroasted  coffee-bean,  or 
the  so-called  green  tea ;  crystallizes  in  fine  white  prisma 
of  a  silky  lustre. 

Chlchicinej  from  meadow-saffron ;  crystallizes  in  white 
needles ;  it  causes,  when  taken,  the  most  violent  vomits 
ing. 

Daturinej  from  the  seeds  of  the  thorn-apple,  in  color- 
less crystals ;  highly  poisonous. 

Emetine  (from  ipecacuanha)  occurs  when  pure  as  a 
white  powder,  when  impure  as  a  brown  extract;  a 
powerful  emetic 

Hgoscyamine^  from  henbane,  in  radiated  groups  of 
white  needles;  a  narcotic  poison. 

The  Alkaloid  of  Opium,  About  forty  years  ago  the 
first  vegetable  base  was  discovered  in  opium,  — the  in- 
spissated juice  of  the  poppy,  —  and  was  called  morphine. 
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It  exists  io  opium  combined  with  mceonic  add,  and 
crystallines  in  colorless  prisms;  n:ircoticand  poisonous; 
in  small  doses,  a  very  valuable  remedy.  The  acetate 
of  morphine*  h  fmjich  used  in  medicine*  By  later 
jnvesiHgations  there  have  also  been  fouiid  in  opinra 
psendo*morphine,  narcotine,  narceine,  codeine,  and  the- 
b.iine. 

Piperine^  from  white,  blacki  and  long  pepper;  in 
white  crystalline  needles, 

Sffianine^  from  several  species  of  the  solanum,  par* 
ticularly  from  the  white  f^prouta  of  the  potato ;  as  a 
white  powder,  or  in  crystalline,  colorless  needles;  a 
narcotie  potson, 

Sirtfchmm^  from  the  nnx-vomica  (the  seeds  of  the 
Strychnos  ntix-vomica)>  and  from  the  Indian  arrow- 
pois^on  ;  crystallizes  in  prisms  or  octahedrons;  very 
poisonous.  There  is  another  base,  brucinef  occurring 
along  with  it 

Veratrimj  ffCtm  white  hellebore,  and  the  seeds  of  the 
eabadilla;  a  lustrous  white  powder,  extremely  poison- 
ons;  when  introdiice<l  into  the  nostrils^  it  excites  the 
most  violent  sneezing;  -^  of  a  grain  will  kill  a  cat* 

The  following  are  volatile  and  liquid  :  — 

Conieinef  from  hemlock,  principally  from  the  seeds; 
a  colorless  oily  liquid,  of  a  nauseous,  strong  odor;  very 
poisonous* 

Nicoiimi  from  the  leaves  of  the  tobacco,  colorlefis, 
oily,  having  a  smell  like  that  of  tobacco-  Highly  poU 
isouous;  one  fourth  of  a  drop  will  kill  a  mbbit. 

Veg0tabb  bases  may  also  be  artificially  produced,  for 
instance,  - — 

AniKnei  from  indigo,  or  from  pit-coal  tar, 

Sinammint;^  from  mustard,  &a 
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•zifssz  ccircr  i:i  ai^A^s  excrr  pianc  peemKar  primeipies^ 
-sxc  -vi^'Z^  i^  zLiZT  caEses.  ibe  e&cs,  tute^  and  color, 

^  ^V^^  £=ii  i2>f:se  ptxxilhr  priodples  mixed  whh  ta- 

r.-rri*  j-irfr  5c":i5ari>»s  Li  Tie  frypi^atpd  reeecable  juices, 

C^  >Lir.T  c^'  Tbfii.  j;»  z:?c-azodzed,  odten  azoazed, 

s^i  ?dl  cciifers  ccctjin  ai  ibe  saxDe  time  snlphor. 
-L  Ti-.i^e   ec=i':Lmd>=3   wiich  are  indi&rent,  and 

iiT*  -c  rc-ji— ;■**-'  ct^oc-  ire  cal>d  extradite  wuUier ; 
^Zizj  iT*  ijfc  L-il»Ai  "ci::er-ex2tk:rsiTe,  becaoae  ihev  hare, 

'?.  C^^jkT  niimzer  is  ex:rxcuTe  xnaner  which  has  an 
i^s:L-:e  iiLierfz*  cixor,  oc  i*  cc-n-reneJ  by  the  action  of 
c:w'fc  "roii-f^  iz:j  cclCosu  cc^zibuiauocs :  ii  is  quickly 
rf-d-frfi  ccvccless  ct  cclocizie.  sLowiv  br  light  and  air 


?w  C.:l':-rl:ir  ruinBr  pc^sen:*  a  grea:  amnirr  for  some 
}zj.:f<^  :<c>^>:ii^,J  KT  alcT.Jrix.  sesqoioxide  of  iron,  and 
r^i-rjYii^  o:  ij:^  ar^i  forzis  wiih  ihesi  insoluble  col- 
crt>i  :\:zir*?^:i::i*  '  .*ifcf-<x"i>nf : :  in  dyeiog  and  calico- 
rr.::::^^  ii-^se  Li^clu'rie  pnec:p;:a:es  aie  pirodaeed  in  the 

7.  Tr.-e  rf-^zsiKi  yzs€s  can.  like  poiassa  or  soda,  com- 
r:«e  -K-iri  ai:i>if>.  fcfTT.'r.g  sjtl:*:  many  oi  them  alio  exert 
ac  a'.'fA.ne  rvaciioa :  mc^*  ot  ;hem  are  dimccIUy  soi- 
u'r>  iix  wji:er,  bu:  eisily  soluble  in  alcoboL 

S.  T^^  T>*^:ab^e  bases  occixr  principaily  in  those  plants 
vhioh  are  oharacterized  by  particolar  poisonoos  or  medi- 
ctaal  qaalitiedL    Many  of  them  are  very  vioienc  poisons. 

SL  AlmoM  aD  TC^etable  bases  contain  niux>gen. 
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XV.   ORGANIC   ACTDS. 


598.  The  organic  acida  are  found  much  raore  fre 
quently,  and  in  greater  abundance,  than  the  organic 
bastrs,  in  the  vegetable  kingdom.  Several  of  them  occur 
uncombined,  or  aa  acid  salts ;  hence  tixe  acid  taste  which 
wc  perceive  in  so  many  vegetable  subsUineea,  especially 
in  unripe  fruits.  They  are  frequently,  also,  completely 
neutralized  by  basesj  or  arc  insoluble,  as  in  the  resins, 
and  in  both  these  cases  they  are  not  recognized  by  the 
taste.  Besides  these  acida  ocenrring  in  nature,  many 
fiJao  have  been  discovered,  winch  may  be  artificiaUy  pro- 
duced from  other  non-acid  vegetable  substances ;  thus, 
oxalic  acid  nnd  formic  acid  are  prepared  from  migar, 
acetic  acid  from  alcohol,  the  fat  acids  from  fats,  &c 
The  general  propertied  of  these  acids  have  already  been 
mentioned  {§  193,  &c.) ;  we  shall  here  notice  only  those 
which  are  best  known. 

699i  Racemic  udd  occurs  in  the  juice  of  many  gmpes^ 
and  crystallizes  like  tartaric  acid,  to  which  it  is  very 
similar,  in  colorless,  very  acid-tasted  prisms. 

600,  Oiiric  acid  exists  in  the  juice  of  lemons,  and 
also  in  that  of  currants,  gooseberries,  and  many  other 
iruits.  By  evaporating  the  juice  of  the  lemon,  wc  only 
obtain  an  acid  brown  extract^  because  all  the  other  non- 
volatile constituents,  as  well  as  the  citric  acid,  remain 
behind ;  but  if  the  jnice  is  neutmli'^ed  with  chalk,  a 
difficultly  aohible  citrate  of  lime  is  precipitated,  while 
the  foreign  substances  remain  for  the  most  part  in  sol^ 
tion.  We  obtain  from  citrate  of  lime,  by  decomposi- 
tion with  diluted  sulphnric  acid,  gypsum  and  a  solu'- 
tion  of  citric  acid,  which  yields  on  evaporation  colorle^ 
prismatic  crystals.  A  mixture  of  the  pleasant  acida- 
51* 
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lous^astmg  citric  acid  (or  iartaric  amd)  ^itb  so  gar 
called  lemonade-powden      By   mocleTate    heating,  \h^^ 
catria  acid  passes  into  aconUic  acid^  an  acid  ^^liich 
oc^ors  native  in  monk's-hood* 

601*  3IaUc  acid  is  obtained  from  sour  apples, 
ries  of  the  mountain-ash^  and  many  other  plante; 
is  very  deliquescent,  and  therefore  is  difficult  of 
tallizaiion.     Mallc^  citric,  and  tartaric  aejd3  me  fomtd 
assomated  together  in  almost  all  acid  fruits. 

602.  Formic  acid  oceurs  in  ants,  but  may  be  arti* 
ficially   produced  firora  almost  all  vegetable    mai 
when  they  are  treated  with  bodies  rich  in  oxygeoj 
JUBtance,  nitric  acid,  chromic  acid»  black  oxide  of 
ganese,  or  sulphuric  acid.     It  is  a  volatile^  eoli 
liquidj  of  a  very  add  taste,  and  a  very  pungefit  odor. 

603.  Tannic  acid  (tannin)  is  the  general  name  givcii 
to  that  siibiitancet  of  very  frequent  occurrence  in  pEnnts, 
especially  in  the  barks  of  trees,  which  imparts  to  theni 
the  well-known  puckering  and  astringent  taste.  It  is 
regarded  as  an  acid,  because  it  has  an  acid  reaction,  and 
can  combine  with  bases.  These  acids  are  divided,  a^ 
cording  to  the  plants  in  which  they  occutj  into  qacfcip 
tannic,  mimotannic,  &c.  acids.  The  querciianmc  acid, 
which  is  found  most  abundanUy  in  nut-galls  and  io  the 
bark  of  young  oak-trees,  m  best  known.  In  the  pute  M 
state  it  forms  a  white  or  yellowish  guna-Iikc  masi^ 
which  is  very  easily  dissolved  in  water  and  alcohol. 
It  forms  the  principal  constituent  in  the  tincture  of  nut* 
galls.  There  are  two  properties  which  especially  ebftf* 
actfirize  tannic  acid,  and  have  stamped  it  as  an  ex- 
tremely important  substance  in  the  arts ;  — 

a.)    It  yit'lds,  with  salts  of  sesquioxide  of  ifon^  a 
blue^-black  precipitate  of  tannate  of  sesquioxide  of  iron 
5),  and  therefore  is  generally  employed  for  dyeiog 
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all  kinds  of  materiiils  with  a  gray  or  black  color^  and  for 
the  preparation  of  ink,  &cc* 

b.)  It  combines,  moreover,  with  the  skin  of  animals, 
forming  a  combination  insoluble  in  water,  and  no 
longer  subject  to  putrefaction,  —  leather;  hence  the 
name  tannm^  and  hence  the  extensive  appllcatian  of 
Uie  %*egetable  substances  containing  tannin  (bark  of  the 
oak,  pine,  birch  trees,  &c,)  in  the  tanner's  trade. 

604,  If  a  solution  of  tannic  acid  remains  for  a  long 
time  exposed  to  the  abf,  it  will  be  converted  into  two 
new  acids,  gallic  and  cllaffic  a^ids.  Consequently^  both 
are  to  be  found  injijicture  of  nut-galls,  and  in  ink, 
which  have  been  kept  for  some  length  of  time,  Gallie 
acid  cry^UiUhes  in  white  needles  or  prisms;  its  solution 
yields,  like  tannic  acid,  a  blue-black  precipitate  with 
islts  of  sesquio:^ide  of  iron,  bnt  it  doea  not  tan  the 
ddns  of  animals. 

605,  &ibsiunce$  ctmtmning'  Tannin. —  The  following 
are  the  principal  dye-stuffs  and  tanning  subBtances 
which  occur  in  commerce. 

u.)  Nui'galls.     They  ate  produced  on  oak-leaves  by 

LtJic  puncture  of  an  insect.     The  best  come  from  Asia 

Minor,  and  consist  nearly  one  half  of  tannic  acid;  in* 

ferior  sorts  are  brought  from  Italy  and  Hungaryt    The 

Laulrgalls  formed  on  ixem  in  Germany  contain  but  Utile 

Rannic  acid* 

ft.)  Catechu^  the  brown,  dry  extract  of  the  Acacia 
catechu^  is  now  very  frequently  used  in  dyeing  and 
calico-printing  establishments,  for  the  productioiL  of  a 
brown  color ;  sometimes,  also,  for  tanning  BkinSi 

€,)  Kino,  the  brow^iish-black  extract  of  a  tee  grow- 
ing in  th^  East  Indies, 

rf.)  Sumath^  or  RImSj  the  bruised  leaves  of  several 
kinds  of  rhns  ]  very  important  in  dyeing.  M 
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€.}  IXm-divh  the  seed  capsules  of  an  ATrican  pUat 
/,)  Bablahy  the  poda  of  a  species  of  mimoisa 
in  the  East  Indies, 
g^,)  The  rind  of  the  pomegranaie^  rmd  of  ike 

606,  The  adds  just  mentioned,  together  wilh 
tane,  oxaBe,  and  acetic  acids,  previotisiy  treated  of^ 
very  widely  diifased ;   but  besides  these  there  are 
others,  which  are  fotiiid  only  in  particalar  plants 
yegetable  substances,  or  aie  artificially  prepared  from 
them  \  as,  — 

Succinic  acid  J  in  amber ;  white  of^tals,  rolalBe  in  the 
heat ;  it  is  formed  also  by  the  oxidatioo  of  steaiic  nod. 

Benzoic  acid^  in  benzoin ;  white  crystalline 
volatile  in  the  heat ;  it  is  formed  also  in  many 
oil%  when  long  kept  The  bitter  oil  of  almoiMk,  oa 
exposure  to  the  air,  is  oxidised,  and  completely  cooifeft- 
ed  into  crystallized  benxoic  acid. 

Cinnnmic  acid,  in  old  oil  of  cinnamon  and  in  bfikazn 
of  Peru  ;  white  crystals, 

CaryophyUic  aiid,  in  the  oil  of  cloves  j  an  oily  l]i}iu4 

Valerianic  acid^  in  the  root  of  valerian ;  an  oily  liquid 
of  a  pungent  odor.  May  be  prepared,  also,  fmm  tlis 
fusel  oil  of  potatoes. 

Suberic  acid  is  prepared  by  heating  cork  ot  fat  acicb 
with  nitric  acid, 

Fumartc  addj  in  fumitory  and  in  Iceland  moss ;  it  is 
formed  also  by  heating  malic  acid, 

CkcUdonic  acidf  in  celandine. 

3IecQnic  acid^  in  opium, 

Kinic  acid^  in  cinchona-bark. 

Lactic  acid,  in  whey,  sour-krout,  jnlces  of  fleshf 

tkic  or  Ulhic  acid^  in  urine,  &c. 


INORGANIC  CONSTITUENTS 
PLANTS    (ASHES)- 

607p  If  we  review  the  proximate  constitueots  of 
plants  treated  of  in  the  preeediiig  acction,  it  will  be 
eren  that  they  are  composed  either  of  three  elcineols 
(C,  H,  0),  or  of  four  elements  (C,  11,  O,  N).  We  may 
accordingly  regard  the  ^rg'anogens^  carbon,  hydrogen^ 
oxygen,  and  nitrogen,  aa  the  four  main  pillars  of  the 
vegetable  world,  *  Next  to  them,  sulphur  and  phoi^pho- 
rns  appear  widely  diffused  in  the  vegetable  kingdom, 
Htnec  they  form  essential  constituents  of  the  albnrammia 
substance  never  failing  in  any  plant*  But  the  list  of 
the  chemical  substances  occurriug  in  plants  is  not  yet 
finiihed;  for  were  it  so,  plants  would  be  completely 
consumed  by  heat  ^\athout  any  thing  being  left  behind. 
But  on  the  combustion  of  every  plant  a  residue  re- 
maind,  which  neither  burns  up  nor  volatiUscea;  conse* 
quently  there  must  also  be  present,  besides  the  combus- 
tible organic  compounds,  some  incombustible  Inorganic 
eubj5inunes.     The  latter  are  termed  mhes, 

608.  The  term  ashes  h  just  as  indefinite  as  that  of  hu- 
mus. Humus  is  the  term  generally  applied  to  all  those 
black  or  brown  substances  formed  during  the  decay  of 
organic  matter;  but  by  ashes  are  understood  all  the  non- 
volatile and  incombu&^tible  substances  wliich  retnaln  be^ 
hind  after  the  incineration  of  organic  raatten  How  very 
difTerPut  these  may  be,  both  in  quantity  and  quality,  i» 
obvious  from  even  a  superficial  observation  of  the  three 
best  known  kinds  of  ashes,  those  of  wood,  peat,  and 
pit'CoaL  From  a  hundred  pounds  of  wood  we  obtain 
only  half  a  pound,  or  at  mo&t  three  pounds  of  ashes  j 
from  a  hundred  pounds  of  pit'coal  or  peal,  twenty 
or  tliirty  pounds  of  ashes.     Wood-ashes  contain  ve^ 


C19  TESETASt^   KA' 


sccuie  in  vuoer.  pit-eoal  and 
Tsj  ifr  zarz :  ii>»  iic<r:>eT  Tklds  vith  vitcr  a  power- 
r£  t'ci"^^^  lyc  'if  li— er  docs  not:  Ae  farmer  ahraya 
ASS  CB.  GT7  £*«u^  uxl  njejAms  as  an  exeelleBt  ma- 
szr*;.  i^  ^los-  cc! J  in  a  srsmfl  degree.  Great  difier- 
eskses  ijsc  arceir  ^v&ra  the  ashes  of  oAer  plants  or 
pars  cf  zcMzrs  ar*  c*..^:- pared  viih  each  oCfaer^  as  may 
ie  sese*  5rx=.  lie  izL-crsirs  lahte : — 
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T^  CTHznrrr.  as  irckl  as  the  natme.  of  the  inorganic 
nitTir  in  pian3  coareqaentfrr  Tuies  in  the  most  rc- 
znrrs^oe  ==£nixr.  and  not  oolj  according  to  the  difer" 
rmcf  .'/*  Uf  plsMU.  bm  acocxding  to  ike  diferemee  of  ike 
WLnridh^^  pars  o!  one  and  the  same  pbnt ;  indeed,  eren 
in  *be  laiter  acccrding  to  the  difertmee  ot  age.  We 
arrays  £ni  tbe  Iirsesr  quantities  ctf  it  in  the  yoonger 
TTPseiabee  org^iss.  where  the  progietB  erf  growth  is  most 
acdre,  nanseiy,  in  the  leaTes  and  twigs. 

609.  If  we  ask  what  is  the  amsUhtikm  of  regrtabU 
dikes,  chemical  as^jsis  rquies,  that  thev  consist  prin- 
cipaSr  of  pc^i^iss^  s^da.  limf.  wuienesia.  and  sesquioxide 
of  thm.  comlHned  with  carbome  acidj  silicic  ocAi,  /lAof* 
fkarie  mddi  sm^wric  mcid,  and  mmriatie  acid  (chlorine). 
Of  llieae  comhinatioiis  there  are  piindpalljr,  — 
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<l)  Soluble  in  water,  the  alkaline  salts  (aalta  of  po- 
taaea  and  soda). 

ft.)  Soluble  in  diluted  rauiiatic  acid>  Urn  earihp  sails 
(salts  of  lime,  of  magnesia,  and  of  sesqui oxide  of  iron), 

c.)  Insoluble  in  water  and  acids,  the  silicates. 

The  character  of  the  prevailing  inorganic  constitu- 
ei»U  of  a  plaiit  may  be  ascertained^  though  only  in  an 
approximative  jnanner,  by  merely  treating  the  ashea 
first  with  water,  and  then  witli  diluted  muriatic  acid* 

610.  The  above-named  inorganic  sabstances  are 
often  contained  in  the  living  plants  in  quite  a  difTcreut 
form  from  that  in  the  ashes ;  namely,  sulphur  as  a  con- 
stituent  of  the  albuminous  matter,  but  the  bases  mostly 
as  vegetable  acid  ^alts.  That  the  latter  are  converted 
on  ignition  into  carbonates  (carbonate  of  potassa,  of 
soda,  of  lime,  &c.)  has  previously  been  shown  under  the 
beads  of  tartrate  and  oxalate  of  potassa  (§§  194,  197), 
and  thus  is  explained  why  almost  all  ashes  effervesce 
with  acid^*  The  sulphur,  on  the  incineration  of  the 
plant,  i»  partly  converted  into  sulphurous  acid,  which 
escapes,  and  partly  into  milphuric  acid,  which  unites 
with  one  of  the  bases  present,  and  remains  belilnd  in 
the  ashes, 

611.  It  has  already  been  mentioned  under  tlie  heads 
of  }>ho^]>horic  and  silicic  adda  (§§  176, 1S3),  and  of  po- 
tassa and  lime  (§§  214,  240),  that  Uiese  substances  are 
able  to  exercise  a  very  favorable  inilucnce  upon  th© 
growth  of  plants,  and  that  many  plants  will  not  flour- 
ish in  a  soil  in  which  saltB  of  potassa  are  wanting,  and 
that  others  wiU  not  thrive  a  n  a  soil  which  contains  no 
lime,  or  no  silicates  or  phosphates.  The  occurrence  of 
loorgatiic  substances  in  ail  plants  must  lead  to  the 
conclusion,  that  every  plant  requires  a  certain  quantity 
of  them  for  its  existence,  and  for  its  complete  develop* 
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ment    If  the  plant  does  not  find  them  in  the  8oQ 
signed  to  it,  it  is  obstrticted  in  its  groi^-th ;  it  pines  i 
withers  away  before  attainiog  raaturity.       It  is  J 
probable  that  basic  bodies,  as  lime  and  potassa, 
here  La  a  predisposing  manner^  similar  to  that  ia 
formation  of  nitric  acid ;  that  they  effect  by  their 
ence  the  formation  of  organic  acids,  with  w^hich 
afterwards  enter  into  combination*      On    the  fu 
growth  and  ripening  of  the  plant^i^  there  are  foniic 
it  appears,  from  these  acids,  the  indifferent  siibsii 
starch,  sugar,  gum,  &c.;  for,  as  is  well  known,  the  i 
taste  is  lost  in  many  vegetable  parts,  especially  in  A 
fruits  at  the  time  of  ripening,  while  a  mealyi  sweet,  ct  I 
mncilaginouiS  taste  supplies  its  place. 

It  follows  from  what  has  previously  been  stated,  that  j 
the  inorganic  salts  requisite  for  the  growth  of  each  belt* 
vidual  plant  may  be  ascertained  most  simply  by  bs 
ing  the  plant,  and  examining  the  ashes  which  remMp 
U  requires  the  same  substances  w&ieh  ate  found  in  ik  I 
ashes.     If  we  now  examine  the  soil  on  which  plants  cif  J 
this  kind  are  to  be  cultivated,  we  shall  find  by  cod 
ison  which  of  the  constituents  of  the  a^bes  am 
present  in  it,  and  w^hat  constitnents  mast  be  adde 
it  that  the  plants  may  find  therein  all  the  mineral  i 
stances  requisite  for  their  development  and  growth* 

612-  Arabft  lamf,  or  arable  smif  that  i?,  the  upper  thin 
layer  of  the  surface  of  our  eanh,  in  which  plants  grr* 
minate  and  take  root^  consists  chiefly  of  two  different  | 
kinds  of  matter ;  namely,  inorg-anic  substances,  belong-  j 
ing  to  the  mineml   kingdom  {silica^  combinationa 
silicic,  phosphoric,  carbonic,  and  sulphuric  adds 
alumina,  lime,  magnesia,  potassa,  soda,  and  iron), 

i^nic  substances,  derived  from  the  animal  and  tc 
kingdom  (humus-like  substances). 


^-     -^ 


The  grotiiid  and  goil  which  are  adapted  to  vegetation 
are  prittcipnlly  formed  of  mim-ral  substances^  more  or  lesa 
finely  divided,  which  coitsist  of  rocks  that  have  beea 
diaiiitegrated  by  the  operatioa  of  the  atmosphere,  or 
weathered,  durirtg  the  lapse  of  centuries  (§  265),  Thia 
weathering  is  going  on  unlntejruptedly,  even  now,  in 
t!ie  soil  of  the  earth,  and  so  much  the  more  rapidly  in 
proportion  as  the  soil  is  loosened  and  penetrated  by  air 
and  water  (fallow).  But  during  this  proccssj  the  masses 
of  rock  are  not  merely  mechanically  broken  into  small 
fragmentsj  but  they  are  abo  chemieally  changed^  since 
from  their  several  insoloble  constituents  soluble  salts  — 
for  instanccj  salti  of  potassa,  soda,  lime,  Scq, — are  gen- 
erated, which  may  be  absorbed  by  the  roots  of  the 
plants.  Every  thing  which  promotes  the  weathering 
and  dissolution  of  the  rocks  —  for  ins^tance,  butrni ng 
of  the  soil  (§  258)^  mixing  it  with  lime  (§  240)  or  acids 
{§§  173j  186,  Afe.)  — will  accordingly,  as  a  general  rule^ 
exercise  a  benefieial  influence  upon  the  growth  of 
plants* 

The  organic  substances  eontaincd  in  arable  soil  have 
always  a  brown  or  black  color,  and  are  designated  by 
the  general  term  humus  (§  444).  They  partly  consist 
of  decaying  leaves  and  branches,  which  have  fallen  off, 
and  of  decaying  roots  of  plants  remaining  behind  in 
the  earth,  and  partly  of  decomposing  vegetable  or  ani- 
mal manure  put  upon  the  soil*  It  has  already  been 
previously  mentioned,  that  ttiese  products  of  decay  are 
gnidnally  still  further  decomposed  into  carbonic  acid, 
ammoniap  and  water,  and  for  this  reason  cause  a  more 
vigorous  growth  of  the  plant  They  likewise  act  favor* 
ably  on  vegetation,  because  by  reason  of  their  dark 
color  the  soil  is  heated  more  strougly  by  the  rays  of  the 
sun,  beeaBse  they  looaen  the  soil,  and  finally,  becftisw 
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the  weatheiiog  of  the  rocks  is  promoted  by  the  carbonio 
add  which  is  set  free  from  them. 


XVIL    NOURISHMENT  AND  GROWTH  OF 
PLANTS. 
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Silica,  Alumina,  Lime,  Salts,  Hmnus. 


613.  CarbaUy  oxf/gefiy  ht/dr(^enj  ^nd  nilrogefij — these 
are  the  four  elements  which  the  Divine  Power  has 
established  as  main  pillars  for  the  structure  of  the 
whole  organic  creation ;  from  them,  and  also  from  sul' 
phufj  phosphorus^  and  some  other  inorganic  substances, 
all  the  numberless  wonderful  forms  of  the  animal  and 
vegetable  world  are  produced.  We  as  yet  know  but 
little  about  the  interior  chemical  workings  by  which 
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these  results  are  effected,  bnt  we  have  nearly  ascer- 
tained the  external  conditions  tinder  which  they  take 
place,  and  the  sources  from  which  the  above-named 
elementary  substancea  are  taken. 

That  plants  require  for  tlieir  germination  and  deveU 
jpment  soii^  water^  air^  warmth^  and  iigkt  —  those 
Itinivcrml  conditions  of  vegetable  life  —  is  well  enongh 
known;  whUc  the  chemical  investigations  of  modem 
timeSj  and  particularly  those  ]nstitute4  by  Liebig,  have 
fir^t  diffused  a  clearer  light  as  to  what  single  constitn* 
eiits  are  taken  up  from  the  earth,  the  water,  and  the  air 
by  the  plants,  and  serve  them  as  means  of  nourishment* 


trSCDLTIVATED  PLANTS  (MEADOWS,  FOUESTS,  Ac.) 

614.  Food  of  Piants.  —  Plants  absorb  their  nourish^ 
ment  partly  by  the  roots,  partly  by  the  leaves.  It  fol- 
lows from  this,  that  the  nourishment  must  either  be 
liquid  or  aeriform;  for  in  these  two  forms  only  can  it 
penetrate  into  the  fine  pores  of  the  root-fibres  and 
leaves^  Plants  receive  their  hydrogen  and  oiygen  from 
the  ftyaler^  tlieir  carbon  from  carbonie  ackl^  their  nitrogen 
principally  from  ammonia^  their  inorganic  constituents 
chiefly  from  the  earik^  Water,  carbonic  acid,  ammoniai 
and  a  small  number  of  inorganic  aaltsj  are  accordingly 
to  be  regarded  as  the  nourishment  of  plants, 

a)  Water  furnishes  iJie  plani^  with  axf/g-en  and  %- 
drog'en* — The  plants  imbibe  it  as  a  liquid,  by  their 
roots,  from  the  earth,  and  Q3  vapor,  through  their  leaves, 
from  the  air.  Water  is  moreover  essential  to  plants,  in 
so  far  an  it  occasions,  by  it^  fluid  condition,  the  for* 
matjon  of  the  solid  vegetable  parts;  Air  all  the  nolid 
ingredients  of  the  plants  are  developed  from  the  ji 
rendered  liquid  by  water- 
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b.)  Carbonic  acid  fimmhes  Uie  plmUs  wUh 
—  Thb  is  pnndpuUy  :ibsorbml  (§1*^7)  by  the  leaves 
from  the  air,i\'bich  is  coiistantiy  Bupplied  with  it  by  ihcs 
pTOcesflea  of  combustion,  decay,  and  respirutioru  Aloft?* 
over,  the  roots  of  the  plants  find  carbonic  iicid  in  every 
soil  which  contains  humus,  for  humus  consiBts  of  de- 
caying organic  matter,  that  is,  organic  matter  resolviog 
itself  into  carbonic  acid  und  water  (§444)*  From  tilt* 
limited  source  the  }'<miig  plants  especially  draw  their 
nourishment,  before  they  have  leavtja  enough  by  metins 
of  which  to  appropriate  to  themselves  the  carbonic  acid 
from  the  free  air.  The  changes  which  the  hitter  uiidcr^ 
goes  by  the  action  of  living  plants  arc  shown  in  the  foU 
lowing  experiments :  — 

Erpermcnt,  —  Fill  a  glass  funnel  with  the  frt*tth 
leaves  of  some  plant,  and  invert  it 
in  a  wide  glass  vessel  filled  with 
water,  in  such  a  manner  lis  tpiite  to 
cover  the  funnel  with  water.  Now 
close  the  upper  opening  of  the  fun* 
nel  with  a  cork,  suck  ont»  by  means 
of  a  glass  tube,  a  part,  of  the  exterior 
water,  and  expose  lire  vessel  lathe 
snn\  bubbles  of  air  w\\\  soon  rise 
from  the  leaves,  and  collect  in  the  tube  of  the  ftuineL 
"When  the  water  is  ^o  far  pressed  down  within  the  fan- 
net  that  it  elands  on  a  level  with  the  exterior  in^ter, 
then  uncork  the  funnel,  and  hold  a  ghiwing  ehaviug 
in  the  gas  evoh*ed  from  the  leaves;  the  gfmving  will 
hjflame  brisklVt  j»'=st  an  it  would  In  o^y  .      In* 

deed,  this  gas  Is  really  oxygen,  which  i^  n.ijvid  froiii 
►  the  carbonic  acid  contained  in  the  waicTr     ThuifiQ  ihc 
[ptant^   the  c-arbonic  acid  has  been  retool  ved   Into   IIm 
JMtituent  parts,  by  f!ie  Inrtueucc  nf  light  j  ita  fixygeii 


GROWTH    OP    PI.ANT3, 


617 


becomes  free,  and  escapes,  but  its  carbon  remaijid  be- 
hind in  the  plants,  Tke  plants  inhah  carbonic  acid^ 
^mid  in  the  Itgfd  exhale  oxpgeiu 

EcqierimenL — Repeat  the  experiment^  but  with  thii 
alteration,  —  pour,  instead  of  eommon  water.  Sellers 
watiir  over  t!ie  leaves;  this  contains  a  greater  abun- 
dance of  carbon io  ncid,  and  the  consequence  is,  that 
th«  evolution  of  oxygen  gas  proceeds  more  briskly,  and 
continues  longer* 

The  principal  mass  of  plants  consists  of  vegetable 
tissue,  starch,  gum,  mucus,  sugar,  &c*,  each  composed 
of  three  elements ;  all  these  may  be  produced  from  car- 
bonic acid  (C  Oi)  and  water  (H  O),  when  the  elements 
of  the  water  combine  with  the  carbon  of  the  carbonic 
acid.  If  this  happens,  the  oxygen  of  the  latter  must 
necessarily  be  liberated*     From 

Carbonic   acid     =  Carbon,       Oxygen,  . 

ftud  Water         =   Hydrogen,   Oxygen, 

are   formed  Hydrogen,  Oxygen,  Carlson  -|-  Oxygon 

Yn^'cUblo  U.«jua,  cUrch,  uiiiLcuf.  augtr,  kc,        (U  libsnilsd;>> 

It  is  also,  perhaps,  possible  that  the  elements  of  the 
carbonic  acid  combine  with  the  hydrogen  of  the  water, 
and  that  accordingly  the  oxygen  wliich  becomes  free  is 
derived  from  the  water;  tiie  chemical  process  would 
then  be  different  from  that  just  stated,  but  the  resulta 
would  be  exactly  the  same.    From 

Water,  =  Hydrogen,  *  Oxygen, 

'  and  Carbonic  acid  —  Carbon,  Oxygen, 
are  formed  Carbon,  Oxygen,  Hydrogen  +  Oxygen 

VtifiUUi  Utam,  tlAFclL,  mucofl,  tusir,  ItC    0*  l)b«nt«d). 

€.)  Ammonia  furnishes  plants  mth  nitrogen.  —  When 
Tegetable  and  animal  matters  decay,  ammonia  (N  H|) 
52' 
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is  foTroed  from  tlveit  nitrogen,  earbofiic  acid  from  thei? 
carbon ;  both  of  these  pruducts  combine  wilU  ttach 
other,  forming  a  volatile  salt  which  escapei*  in  Uie  air. 
1  It  is  concJeni^ed  again  from  the  air,  pEurtly  by  the  loam 
or  clay  (^2oG)  and  the  humus  of  the  soil  (§444)^  partly 
by  the  dew,  rain,  and  snow,  and  ret  timed  again  to  the 
earth,  and  then  with  the  water  absorbed  by  the  plants. 
If  organic  subsistancea  dee-ay  in  tlie  soil  wht-rc  plants  are 
growing,  the  ammoniaeal  salt  h^  immediately  after  its 
fomiation»  absorbed  by  their  roots,  \Vhethcr  ammonia 
can  be  formed  dircethj  from  the  nitxogen  of  the  air, 
where  the  latter  is  in  contact  with  decaying  substancea 
in  the  moist  earth,  and  can  be  of  service  to  the  plants, 
baa  not  yet  been  ascertained  with  certainty ;  whereas  it 
may  be  regarded  as  proved  that  plants  iiave  the  power 
of  withdrawing  nitrogen  even  from  nitrates  when  thei$o 
are  present  in  the  arable  solL 

In  what  manner  the  assimilation  of  ammonia  taken 
place  in  the  vegetable  kingdom  is^  indeed,  not  yet 
known,  but  it  is  probably  the  ammonia  from  which 
plants  take  the  nitrogen  requisite  for  the  formation  of 
their  azotized  constituentg,  such  as  albumen,  gluteni 
codeine,  organic  bases,  fitc-     From 

Carbonic  acid  t=  Ciirbon,  Oxygen, 

Water  ^=  rTydrog»?n»  Qjtygen* 

Ammonia      =^Nitnogeri,  Uvdrogen, 

formed         Nitiiogcn,  Hydmgy^n,  Oiygea*  Oarhon + Qiygrji 

^  — ^--^^ —  ^^> 

Albitinoii.  giiitaiii  ipki^Um,  oitink  )mam^  ^e*       0«  lltomMct^ 

Carbonic  acid^  tcaUf^  and  r  '       .     ,it     •       ,j^^ 

tain   in   their  elements  the  ,.^r 

the  fonnaiton  of  all  vegetable  ^nbstaneed  (carbon,  hy» 
drogen^  oxygeuj  and  nttrogea).     ''^      ' 
iiction>  animal  and   vegt»Uit4e  ir  .       d 

\ntQ  carbonic  arid,  water,  and  ammaniiL     What  ^cem^ 
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to  US  to  be  annihilation  i»,  however,  only  decay;  the 
form  only  passes  away^  the  matter  itself  is  unchange- 
able, Froui  the  disgusting  substances  of  decay  arc 
formed  agEiin  the  living  wonders  of  the  vegetable  world. 


Fitf.  iia 


et)  Pl&nis  are  furnish  ed^  throuffh  the  soil  and  water^ 
with  the  requisite  imirg'amc  matters.  —  Our  arable  land 
is  constantly  undergoing  clianges  ;  the  organic  matter 
contained  in  it  decays,  the  inorganic  is  decompOBed  by 
the  action  of  time  and  %v eat  her.  By  the  last  process 
soluble  salts  are  always  fonning  from  insoluble  rocks, 
which  salts  may  now  be  absorbed  by  the  roots  of  plants. 
Weathering  takes  place  also  beneath  the  surface  of  the 
earthj  and  indeed  wherever  air  and  water  can  pene* 
trate  into   the  mass  of  rocks.     The  substances  thus 

adered  soluble  are  taken  up  by  the  Tain-water,  and 
constitute  the  salt^  coataipcd  iJi  our  c€^»mmort  spring 
and  river  waters;  aecordiiigly,  in  many  places  plautj 
can  receive  from  water  also  inorganic  matter.  Finally, 
the  air  likewise  contains  inorganic  subfitaacea  which 
have  been  conveyed  into  it  by  evaporation  (§  IB:^}, 
especially  from  Uie  ocean,  and  abo  by  the  force  of  the 
winds,  and  which  are  diffused  by  it  over  the  whole 
earth.  These  arc  returned  again  to  the  earth  in  niLn, 
dew^  snow,  &e,j  and  thus  we  cnn  no  longer  wonder  at 
finding  in  plants  salts  (for  instance,  common  salt)  not 
existing  in  the  rocks  from  whicli  the  poil  serving  as  a 
abitaiion    lor   tiicse   plants   has    been   formed.      The 
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changes  which  these  eubstances  undergo  in  living 
have  alfeady  been  noticed  in  the  preceding  section- 
It  should  still  be  expressly  stated,  that  a  plant  can 
grow  vigorously,  thriv^e,  and  attain  compiete  maturity, 
only  when  the  substances  mentioned  at  a,  6,  c,  and  d 
are  all  four  presented  t-o  it  simuHaneonsh/,  As  the  life 
of  man  ceases  if  only  a  single  condition  necessary  for 
hia  continued  existence  is  withdrawn,  for  inatance,  the 
air  (oxygen)>  or  water^  —  as  a  clock  stops  if  only  a 
single  wheel  is  taken  from  it,  —  so  also  the  com|jlt*t« 
development  of  a  plant  is  Dbstmcted  when  one  of  the 
above-mentioned  means  of  nourishment  fails, 

CULTIVATED  PLANTS. 

615,  If  we  give  abnndant  and  invigorating  food 
ati  animalj  it  becomes  vigorous  and  fat;  on  scanty  and" 
slightly  nourishing  foodj  it  remains  poor  and  lean, 
J  list  the  same  thing  oemrs  also  wiJh  plantA     Wlit*n 
they  find  an  abundance  of  all  the  substanc*?^  which 
they  require  for  their  development  in  the  soil  and  in 
the  air,  they  will  grow  up  more  vigoroujtly,  and  put 
forth  more  branche^^  leaves,  flowcTB,  and  fruits,  than 
when  they  do  not  find  these  &nbsfane*^R,  or  Jind  only  a 
part  of  them,  in  Siullicif^nt  fy.uintity,     Consequently*  the 
way   of   obtaining    from  our  fieldij  and  meadows  the 
largest   prodnee   consists  in   presenting   to   tht}  plants 
which  are  to  be  cultivated  upon  them  uH  the  Is 

n*quisit£  for  thdr  nonrishment   in  st^JfidcfU  .,.♦....../♦ 

We  do  this  by  manuring  IIjc  soil. 

(Mil  Nature,  by  meaijs  of  nun  and  dev\\  decay  and 
putrefaction,  provides  that  the  three  unite r-*^  '—ins  of 
nourishment,  watrr,  c-ivrbonic  acid,  and  m  shall 

not  be  wanti  i  uti* ;  and  rn?in  nUo,  \\  y 

inti^nding  it,  * .  ;iU*<  his  Bhare  by  the  ai  ^  .,.   Lu^.^a* 

ing  and  by  the  iite^  he  ktudlts.    The  air  eontaios  an  in- 
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oxhauBiible  provision  of  ihfse  piibstancos,  since  the  pro- 
cesses by  which  they  are  generated  on  the  earth  never 
»u(Ter  an  intcTmi^^sfoii,  The  air  alone  would  accordingly 
snlBce  for  the  nouri?3hinent  of  planU,  if  they  eould  only 
ind  in  the  soil  the  necep»ary  inorganic  salts  in  solution, 
Jnt.  as  a  slmcture  advances  more  rapidly  when  it  is 
ft^orked  upon  at  several  party  at  the  same  time,  so  the 
frowih  of  a  plant  proceeds  more  rapidly  ami  more  lux- 
^tifianHf/  when  it  can  take  np  nourii^hment  from  ^ev- 
eriil  diilerent  sources^  not  only  by  the  leavesj  but  at  the 
same  time  also  by  the  root^.  All  vegetable  and  animal 
substances  are  eon  verted  by  dc-cay  into  wratcr^  carbonic 
acid,  and  ammonia ;  hence  it  is  quite  natural  that  such 
substances,  when  they  decay  in  a  moist  soil,  should 
promote  the  growth  of  the  plants  sown  in  that  soiL 
Hereby  is  explairu'dj  but  m  pari  otity^  the  bencfielal  in- 
fluence exerted  upon  vegetation  by  the  universally  used 
animal  and  vegetable  marmres^  as,  for  instance,  the  so- 
called  luimus-likc  ^ubstanec.^  formed  from  excrements, 
urine^  horn-slmvings,  bone-dust^  guano,  straw,  leaves,  i^ 
617.  But  the  reception  of  these  universal  means  of 
nourishment^  and  their  transformation  into  organic  mat- 
ter by  tlie  vital  activity  of  the  plants,  cani  as  alrt^ady 
lentioned,  only  take  place  by  the  aid  of  the  iiwrgunic 
lits.  If  these  are  wanting  in  a  soil,  the  seed«i  sown  in 
it  may  itidced  germinate  and  grow  far  a  w^hile^  because 
iiey  contain  wiUiin  themselves  a  ccTtain  quauHty  of 
those  inorganic  couiitituents  which  the  plants  requim 
for  their  growth,  but  the  growth  wilt  cease  when  th-^ 
constituents  are  exhausted  in  tfie  development  of  the 
young  plants*  Nature  provifles,  indeed,  for  the  forma- 
tion of  soluble  substances  in  the  earlh,  by  the  gradual 
■i^'fion  of  the  wealher;  hut  iliese  are  not  stjf"'  io 

yi' id  a  rich  harvest  year  after  year  from  the  s.^  it 
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and  it  is  therefofe  indbpensabk  to  ral^  these  consttt- 
uetits  artiflcmlly  with  the  soil  in  order  to  maintain  it» 

Lfcrtility,     This  is  done,  either  diredJt/  by  those  mineral 

Isubstances  which  contaiii  lime,  potasaa,  goJa,  phosphoric 
acid,  &c^  as,  for  instance,  by  Ume,  gj'psara,  marlf 
wood-ashes,  bone-ashes,  animal  charcoal j  eoinmon  sail, 
&;c»;  by  the  overiiowing  of  meadows  with  wnler^&c; 
or  iftdirecli^i  by  the  salts  etnUnined  in  most  kinds  of 
fnanvre.     The  soluble  salts  existing  in  the  food  arc  re- 

'  moved  again  from  the  animal  body  by  tlie  urine  of  an* 
iraalsj  the  insoluble  by  the  solid  excrements;  and  thoa 
is  explained,  in  a  simple  manner,  why  the  v\  fji 

of  animals  fed  upon  oats  are  the  most  appru|-  id 

most  powerful  manure  for  oats;  those  of  animals  ff?d 
Tipon  pea5,  clover,  or  potatuuj*,  the  begt  manure  for  peaj;, 

^cloverp  or  potatoes.  In  these  galino  or  inorganic  t^ub* 
stances  consists  the  secand  mode  of  operation  of  the  an* 
imal  and  vegetable  manures* 

Since  the  different  kinds  of  plants  require  different  in- 
organic substances,  and  different  qmmtitits  of  them,  far 
their  nourishment, — some,  for  instance,  prineipally  &atta 
of  potassa,  others  salts  of  lime,  and  others  again  phos- 
phates or  silicates,  —  so  it  is  advantageons  in  the  etilti^ 

L  vat  ion  of  plants  to  make  such  an  uUernalkm  (r  ff 

crops)  that  a  potassa  plant  shall  be  followed  i-^.  .  d 
plant,  and  this  again  by  a  silica  plant,  dec.     In  this 

*  wajj  it  is  possible  to  obtain  from  a  field  which  Lh  ex- 

Pliansted  for  one  kind  of  plant  a  second  or  a  thurd  crop 
consisting  of  a  diflerent  species  of  jitont,  wllboiti  ihe 
necej^^ity  of  mantjrfng  it  each  time, 

OIB.  It  is  clear  from  thei^e  hints,  that  cbemintiy  alone 
can  give  to  the  farmer  a  knowledge  of  the  coni»tituents 
of  hi'S  soil,  of  the  ci".  f  tlic?  p}  le 

wishes  to  cultivate  ii:  -j.rl  td'  :  ft 
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which  must  be  added  to  it  in  order  that  the  plants  may 
find  there  all  that  h  necessary  for  their  nourish mciit 
Inducement  enough  ia  hereby  offered  to  every  farmer  to 
cultivate  a  more  intimate  acquaintance  with  this  sci- 
ence, as  the  only  guide  to  be  relied  upon  in  his  prac- 
tical experiments  and  occupations. 


RETROSPECT  OF  VEGETABLE  MATTER 
IN  GENERAL, 

1.  While  a  plant  lives,  a  constant  motion,  and  a 
constant  reception,  change,  and  surrendering  of  certain 
aeriform  and  liquid  substauces,  are  continually  taking 
place  in  it  If  these  substancea  are  wanting  to  tlna 
plants  its  growth  and  life  cease;  we  therefore  regard^ 
tliem  as  food  for  the  plant 

t2.  These  substances  all  belong  to  the  inorganic  com- 
|0iinds ;  they  consist,  — 
f  s,)  Of  a  combination  of  hydrogen  and  oxygen  (water). 
6.)  Of  a  combination  of  carbon  and  oxygen  (carbonic 
acid). 
€*)  Of  a  combination  of  nitrogen  and  hydrogen  (am^ 
■Dnla). 
rf.)  Of  inorganic  acids  and  bases  (salts). 
3,  Froin  these  substances  are  fonned,  in  an  inc 
prehensible  manner,  the  juices  of  the  plants,  and  from 
these  the  single  j>art.s  of  the  plants  (organs),  togetlier 
with  the  innumerable  vegetable  substances  which  we 
find  in  them, 

4.  The  vegetable  substances  may  be  classLGed  by  diP* 
ferent  methods.     We  may  classify  themj  — 

L  According  to  their  more  or  ks$  gemrcd  diffusion :  — 
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a.)  Into  such  as  occur  in  almost  ati  pitntd;  for  in- 
Btancc,  vegetable  tissue,  gtarcti,  sugtir,  gum,  mucus,  fats,^ 
many  ackk,  chlorophyllj  a^lbanihious  matter,  &a 

b.)  Into  such  aa  occur  only  in  ceriam  kind^  of  plantii}^ 
for  instance,  extractive  mottcr^  coloring  tnattcr,  voktal#| 
oils,  resins,  many  acide,  organic  bascsj  &c, 
IL  According  to  their  chemical  tharacier:  — 
a.)  Into  vegetable  acids. 
b.)  Into  vegetable  bases, 
c.)  Into  indificrent  vegetable  matter. 
The  imiiffc re nt  itomhinnWoviB  predominate  in  the  veg-l 
etablc  and  animal  kingdoms,  the  acids  and  bases  in  tjic 
mincml  kingdotn. 

Ill  According  to  their  eo7nposiiion :  — 

a.)  Into  fton-uzolhed  substances,  and,  moreover^ 

a-  into   those   rich    in   oxygt?n,   namdy,   cKgaoiel 

acidsj  &c, ; 
fi,  into  those  rich  in  hydrogeii,  namely,  faff,  vol 

atile  oils,  r CBinsi  &c, ; 
yp  into  those  rich   in   carbon,  naraelvj  vi-^^otabl 
tissue^  starch,  sugar,  gum,  mncns,  Acc- 
b.)  Into  azoUzed  substances  j  for  instance,  ot^nic 
bascB,  many  of  the  coloring  matters,  fcc*    ' 

c*)  Into  those  coHtainifig'  nilrofffH  and  sufphurt  for 
instance,  albumen,  gluten,  caseinc^  Sue, 
The  non-azoihed  eompoiuid*    jmnl 
vegetable  kingdom,  the  azoHzed  ixml  >, 
pounds  in  the  animal  kingdom, 

5*  I'hc  vegetables  i?ut> 
be  transformed  and  d*  ^ 

oew  combinations.     They  nuiy  be  chungtd^  — 
a.)  By  ff!       ^'^  /:  as, 

Oi  by  f  '^  nocc^cs  of  air  (carbouk 

acid,  wat4firi  tittrogeii) : 
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p*  by  dee^y  (humus,  corbonic  acid,  water,  ammo- 
jiia^  acidifieatioa  of  spirit uou^  liquids,  and  of  oth* 
er  vegetabk  substances ;  grass-bleaehing,  &c.)  ; 
y.  by  mere  exposure  to  the  air  (drying  or  becoming 
mucid  of  fatS|  conversion  into  resin  of  the  vola^ 
tile  oils,  &^.); 
a.  by  evaporation   (tbe  bcGoming  brown   of   ex- 
tracts, &c;) ; 
n  by  the  action  of  nitric  acid»  chromic  acidj  and 
other  bodies  rich  in  oxygen  (eonvcriion  of  sugar 
into  saccharic  acidj  oxalic  acid,  &c.). 
L)  By  the  abstraction  of  oxygen  (reduction  of  indigo- 
blue). 

c)  By  the  absiraction  of  hf^dragen  (bleaching  with 
chlorine). 

d^)  By  combining  with  $u!phurom  add  (bleaching  with 
this  ac](L 

e*)  By  the  abstraetian  of  hydrogen  and  oxygen  (trans- 
forinatioa  of  alcohol  into  ether  or  olefiant  gas,  and  also 
of  oxalic  acid  into  carbonic  oxide  and  carbonic  acid 
by  sttlphuric  acid;  charring  of  wood  by  sulphuric  acid 
&a), 

/.)  By  tlic  atldilion  of  hi^dro^en  and  oxtfgen  (putre- 
faction of  vegetable  matter  with  exclusion  of  air,  as,  for 
instance,  underwater;  that  is,  the  conversion  of  vege- 
lable  matter  into  carbonic  acid,  carburetted  hydrogen 
[marsh  gas],  water,  ammonia,  mud,  peat,  brown-coal, 
pit-coal;  conversion  of  starch  or  sugaf  into  lactic  add, 
&c.) 

g.)  By  hmting  vnth  ezciusion  of  air  (chairing  or  dry 
distillation  of  wood,  of  pit-eoal|  of  the  fats,  of  the  acidsi 
&c%,  that  is,  their  conversion   into  carbonic  acid,  car- 
buretted hydrogen  [illuminating  gas],  water,  wood*viji* 
S3 
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egar  [empyreamatic  acids],  ammoniai  tar  [barnt  oil, 
burnt  resin],  creosote,  wood-coal,  coke,  &c.). 

A.)  By  the  peculiar  action,  not  yet  thoroughly  investi- 
gated, of  an  easily  decomposed  body  or  fermeni  (spir- 
ituous fermentation,  that  is,  decomposition  of  sugar  into 
alcohol  and  carbonic  acid). 

t.)  By  the  transposition^  not  yet  explained,  of  one 
vegetable  substance  into  another  isomeric  (equally  con- 
stituted) compound;  for  example, — 

a.  conversion  of  starch  into  gum  and  sugar  by 

sulphuric  acid ; 
/3.  conversion   of  starch  into  gum  and  sugar  by 

diastase ; 
y.  conversion  of  starch  into  gum  by  moderate  heat- 
ing; 
d.  conversion  of  crude  sugar  into  liquid  sugar  by 

heating  or  long  boiling  with  water; 
r.  coagulation  of  albumen  by  heating,  &c 
k.)  By  the  operation  of  strong  bases  upon  vegetable 
matter ;  for  example,  — 

a.  formation  of  cyanogen  (§  291) ; 
/3.  formation  of  ammonia  (§  232) ; 
y.  formation  of  nitre  (§  207) ; 
d.  formation  of  soap  from  fats  (§  540). 
I)  By  the  action  of  light  (formation  of  chlorophyll, 
bleaching  of  colors,  &c). 

These  are  only  a  few  of  the  more  important  meta- 
morphoses of  vegetable  matter  as  yet  known  to  us; 
but  their  extent  is  unlimited,  and  increases  every  day, 
sijice  extraordinary  industry  and  zeal*  are  now  devoted 
to  the  investigation  of  this  very  department  of  chem- 
istry. 
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619*  The  chemical  processes  which  take  place  in  the 
living  animal  are  far  more  rnystcrious  and  irune  com- 
plex than  even  those  which  take  place  in  plants.  That 
Buch  actions  really  do  occur  in  the  animal  body,  who 
can  doubt?  We  here  sec  that  which  peculiarly  char- 
acterizes these  processesj  the  conversion  of  bodies  into 
new  bodies  with  entirely  new  propcrtiesj  far  more  dis- 
tinctly and  more  Ibrcibly  than  in  plants  and  minerals 
For  can  there  be  a  more  striking  metanfjorphosis  thiiii 
that  of  the  constitucnta  of  the  egg  (albumen,  yolkj  and 
egg-shell)  into  the  constituents  of  the  young  bird  {llcsh, 
bloody  bones,  feathers,  Alc)  ?  or  the  convers^ion  of  milk, 
which  constitutes  the  sole  nourishment  of  many  young 
animalSf  into  flesh,  blood,  (ke»?  That  chemical  force 
alone  cannot  elfect  these  changes  has  already  been 
stated  iu  the  earlier  part  of  this  work;  it  is  merely  the 
iustnimcjit,  the  menns,  whicli  the  Divine  Powrr  Ims 
employed,  in  a  way  as  yet  concealed  from  usj  to  form, 
dttrifi^  the  life  of  the  v^  '  '  ^  and  animals,  all  the 
ditrerent  parts  of  the  v.  und  animal  kingdom. 

That  w^hich  principally  disttnguidhes  animal  life  friim 
vegetable  life  h^  that  during  the  former  oxygen  ifi  in- 
cessantJy  inltainl^  but  during  tfje  latter  it  is  exltaied^ 
and  also,  that,  with  the  exception  of  water  ac 
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Batts,  organic  substancea  only  axe  appropriated  to  the 
itipport  of  the  former. 

630,  The  chief  mass  of  Te^etable  matter  consists  of 
iion-a^otized  Bubstances,  conseqoentJy  of  substances 
which  contain  only  tiiree  elements  j  but  ua  the  animal 
body,  on  the  contrary,  the  azoUzed  and  sulphuriztd 
substances  (albuminous  substances),  consequently  far 
more  complex  comblnatious,  predomLoate,  Water  and 
fat  are  almost  the  only  substances,  composed  of  only 
two  or  three  clement^*,  that  occur  in  the  animal  body; 
all  the  otbersj  for  instance,  flesh,  cartilage,  blood,  hair, 
naik,  (kc,  are  rich  in  nitrogen,  solphnr,  and  also  in 
iphosphorus.  It  13  also  characteristic  of  these  subatau* 
fees  that  they  do  not  assi  me  a  crystalline  form ;  wc  find 
crystalline  combination  —  as,  for  instance^  in  urine 
■  (urea,  uric  aeid,  &c-) — in  those  animal  liquids  only, 
fWhioh,  being  unfit  for  assimilation,  are  again  sepamtrd 
prom  the  body*  Most  animal  substances,  when  viewed 
under  the  microscope,  exhibit  the  form  of  small  dot>* 
ules*  Accordingly,  the  globular  form  18  tJie  funda* 
mental  form  for  the  composite,  more  highly  organUed 
types  of  tlie  animal  kingdom,  while  in  the  more  simplii, 
lifeless  productions  of  the  mineral  kingdom,  the  angu- 
lar form  (crystalline  form)  prevails.  In  the  vegetable 
kingdomi  holding  a  middle  position  between  the  two, 
we  find  both  forms,  namely,  the  globular  or  spherieal 
in  starcli,  yeai*t,  &c, ;  the  crystalline  in  sugar,  in  organie 
acids,  ba.s<*5,  &a 

621,  The  elementary  matter  from  which  the  pfoxi* 
mate  con^stttufuitji,  and  from  which  agaia  the  organs  of 
the  animal  body,  are  furmed,  i*t  e-\;n   '       V  iji 

that  which  occurs  in  the  v**gctabio  I  y, 

oxygen^  hydrogen^  carbon^  niln^en^  t  ifphut^  phosphorus^ 
and  chlminc;  and  the  metallic  substances,  lime^^  poUu* 
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ftVm,  mdium^  and  iron.  These  must  be  intTodnced  into 
ilic  animal  body  in  order  that  it  mny  grow  and  live- 
How  this  happens  may  be  shown  mo&t  mmply  in  the 
constitution  of  the  e^g^  and  of  milk. 


I.    THE  EOa 

The  egg,  as  m  biowrij  consists  of  the  albumen^  the 
paUCj  and  the  skelL 

623*  Albumen.  —  The  while  in  the  hen's  egg  consists 
orcetlsj  in  which  is  eontaineda  colorless  alkaline  liquidi 
the  albumen.  On  evaporation,  we  obtain  from  it  one 
eighth  of  solid  albumen;  the  rest  is  water.  When 
burnt,  it  leaves  behind  common  salt,  carbonate,  phos- 
phate, and  sulphate  of  soda,  and  phosphate  of  lime. 
That  albumen,  when  briskly  beaten  up,  yields  a  po- 
rous light  froth,  lliat  it  becomes  insoluble  anfl  coagu- 
lates by  heating,  &c,,  are  well  known  facts,  Or^  ac- 
count of  the  latter  property,  it  is  used  for  clarifying 
turbid  liquids,  especially  the  juices  of  sugar. 

£kpenmeni.  —  Stir  up  some  honey  in  %^rm  water, 
add  a  little  albumen  to  the  turbid  solution  obtained, 
and  heat  the  mixture  to  boiling*  The  albumen  seizes 
tipon  the  foreign  substances  lloating  in  the  liquid,  bears 
them  to  the  surface,  and  incloses  them  within  itself  as 
it  coagulates;  the  liquid  thereby  becomes  clertr  and 
transparent,  and  may  be  separated  by  a  strainer  from 
the  coagulated  albumen. 

The  constituents  of  animal  albumen  are  just  the 
same  as  those  of  vegetable  albumen  (^  477), 

623,  The  f/olk  of  ri^gs  consists  of  albumen  holding 

in  suspension  yellow  drops  of  ml     On  account  of  the 

albumen  contained  in  it^  it  coagulates  when  heated, 

and  the  fat  {oil  of  polk  of  eggs)  may  be  extracted  from 
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it  by  stiong  pressme,  or  by  agitation  with  ether. 
phams  is  eontained  in  the  oil  of  yolk  of  eggs, 

624.  ^g-shelis.  —  ExperimenL  —  Pour  some  dllntc 
muriatic  acid  upon  some  egg*shells ;  with  the  exeeplion ' 
of  giome  membrane^  they  will  entirely  dissolve^  with  the 
evolution  of  gas.  The  gas  which  escapes  is  carboiiicJ 
acid ;  but  lime  is  contained  in  solution  in  the  muriatio j 
acid^  as  we  may  ascertain  by  the  addition  of  sidphnriaj 
acid,  which  throws  down  gypsum  from  it  The  sheik  I 
have  accordingly  the  same  consiitntion  as  challc,  namc-j 
ly,  they  consist  of  carboncUc  of  lime* 

There  are   in   the  egg-shells  small  poresj   through! 
wiiich  tlie  air  penetmtes  into  the  interior  of  the  egg,  I 
and  gradually  clfccts   a  change  (putrefaction)  of  ihej 
latter.     If  these  openings   are   slopped   np^^for  in- 
slance^  by  packing   the   eggs   in  aslics,  or  by  omeiir*J 
ing  them  with  oil, — ^the  eggs  will  keep  much  Ion 
iiQchangedf  as  the  penetration  of  the  mx  is  ^.hus  pre- 
Tented. 


Milk  consists  of  a  solution  of  eof etne  and  st^mr  of 
milk  in  water,  in  which  solution  small  ghlmhi  of  aili 
are  held  suspended*    The  latter  render  the  milk  opaqne,  ] 
and  give  it  the  appearance  of  an  emulsion. 

625.  57*e  Oil'  Globules.  —  Ejtptfime^il.  —  These  glob- 1 
ules  cannot  be  separated  from  the  milk  by  lilmition 
alonei  as  they  are  so  umall  that  they  paiis  vdxh  it] 
Uiroogh  the  pare«  of  the  finest  paper;  but  it  mtiy  bo 
acconijM    '     'ill  the  foIlox\  i  r-     BiBHolTC  anj 

ounce  L .  ur  salt^  and  I        _  ^  £  ains  of  carbon* 

ate  of  fioda  in  half  an  ouooa  of  Inkcwami  water,  and] 
agitate  the  solution  witli  half  an  ounce  of  frc<h 
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If  you  now  transfer  this  mixture  to  a  filter^  the  fatly 
portion3  (cream)  remain  behind,  while  a  liquid,  only 
©lightly  opalfscent,  passes  through.  The  ealine  solu- 
tion atlcird  docs  not  act  chemically  upon  the  constitti- 
ents  of  the  milk,  but  it  only  acts  mechanit^ally,  causing 
the  globules  to  form  a  more  compact  muB^^  and  to  be 
more  readily  separated  from  the  watery  liquid. 

(J2(>.  Cuseine.  —  Ejt^perimenL  —  If  you  add  io  the 
^fltered  liquid  a  few  drops  of  tnuriatic  acid,  the  easeim 
ieparates  from  it  as  a  white  flaky  muss;  acconlingly, 
the  animal  caseinc  is  iikewiiie  coagulated  and  rendered 
insoluble  by  acids  in  the  same  manner  as  vegetable 
caseinc  (§  452),  with  which  it  exactly  agrees  in  consti- 
tution. Pure  easeine  is  insoluble  in  water,  but  it  dis- 
eolves  in  it  when  alkalies  are  present;  these  always 
dst  in  the  milk,  and  keep  the  cuaeine  in  solution*  The 
nil  (soda)  ii§  withdrawn  from  the  e^seine  by  the 
acids  which  are  added,  and  the  caseine  then  ^parutes 
in  the  familiar  form  of  new  cheese,  Caseiao  is  an 
albuminotis  substance,  that  is,  it  contains,  besides  ear" 
bon,  hydrogen,  and  oxygen,  altio  some  nilrogkn  and  stil* 
Jffhur  in  its  constitution, 

627.  Albnmau  —  Ejpenmeni. —  If  you  filter  the  ca- 
aeine  from  the  liquid,  and  then  boil  the  latter,  it  again 
1  -  turbid,  althoui^h  less  so  than  before.     It  U  the 

r  '  which  separates,  small  quantities  of  it  being 

present  in  all  milk. 

628*  Expcnmciil*  —  Let  a  small  piece  of  the  dried 
membrane  of  the  stomach  of  a  catf  [retuiet)  remain 
stand mg  one  night  in  a  spoonful  of  water,  and  after- 
wards pour  this  water  upon  a  quart  of  new  milk;  the 
milk,  after  having  stood  for  some  hours  in  a  warm 
pkcC|  will  coagulate  into  a  gelatinous  mass,  wbicb  is 
to  be  put  u|K>n  a  filter*     What  remains  behind  consists 
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of  an  intimate  mixttire  of  the  curdled  ettseiae  vttti 
vies  of  fat.     By  pres&sing  and   drying,  we  obtflial 
the  so-called  cream  or  new-milk  cheese  (Swis^l 
Chester,  &c.  cheese). 

629*  Sugar  of  Mfk.  —  Experiment.  —  Sepvilf  i 
filtered  liquid  {sweet  whey)  from  its  albumen  bj  i 
ing,  and  J  having  again  filtered  it,  eYapomte  till  w\ 
few  ounces  of  it  remain*  If  left  in  a  warm  jl»l 
hardj  prismatic  white  crystals  of  sti^ar  of  iKttt 
deposited  (§  473),  By  this  method  sugar  of  \ 
procured  in  Switzerland  on  a  large  scale,  Conseqti 
the  gweet  whey  is  to  be  regarded  principally  ftS  t  ril^l 
tion  of  sugar  of  milk  (together  ^^ith  some  atbojnesol] 
some  salts)  in  water, 

Ejcpenment  —  Dissolve  again  in  water  theftJ^a^'l 
milk  obtained  J  and  put  a  piece  of  rentief.  in  tha  scfc  I 
tion  ;  the  liquid  will  soon  becbnie  soor  in  a 
place,  because  the  sngar  of  milk  is  converted  urt»  I 
laclic  acid. 

630.  Experiment.  —  The  coagulatioQ  of  the  w^ 
which  was  produced  by  the  rennet  in  a  few  boQtit> 
eiTected  instantaneously  by  the  addition  of  aeid^^  ai  b 
rendered  obvious  by  adding  a  few  drops  of  soitie  actdtft| 
heated  milk.  In  this  curdled  mass  are  contained  ail  S 
easeine  and  fatty  particles  of  the  milk  (cheese  and  bttt 

631,  EtperimerU.  —  Fill  a  flask  mth  fresh  milk,  ^ 
itj  and  keep  it^  inverted,  from  twenty-fotir  to 
six  hours  in  a  cool  plaee;  then  loosen  th^  stopper  I 
little,  so  that  the  lower,  thinner  portion  of  the  mifk  (b 
or  skim  milk)  may  run  ofl',  but  the  upper,  r'  ' 
(cream)  remain  behind.  On  standing,  the 
globules  of  the  milk  ascend,  and  form  on  the  suffiboel 
well'known  fatty,  tliick  cream.  If  this  ia  shmbeii  ffl^ 
some  time,  the  membranes  of  the  oU^globtilfis  are 
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and  the  latter  then  unite  togethcrj  forming  masses  of 

I  butter-     The  thin  milk  which  passes  oil  from  beneath 
may  be  separated,  in  the  way  already  described,  into 

I  easeine,  albumen,  and  sugar  of  milk. 

BtiUeti  like  the  vegetable  fats,  conHiits  of  a  solid  fat 
{nmrg-arine)  and  a  fluid  {(iitine)j  and  it  has  also  exactly 
the  same  properties  (§  533)*  But  besides  thege  two 
kinds  of  fiilj  butter  contains  a  small  quantity  of  a  pe» 
culiar  fat  (bnti/rme).  If  butter  remains  exposed  some 
time  to  the  air,  some  volatile  fat  acids  having  a  dis* 
agreeable  smell  and  taste  will  be  generated  in  it; 
these  cause  the  rancidity  of  butter.  If  butter  that  has 
become  rancid  is  boiled  several  times  with  double  ita 
quantity  of  water,  these  acida  will  be  removed  from  it, 
and  the  buttjer,  on  cooling,  will  have  regained  its  agree* 
able  flavor. 

633.  If  you  let  milk  stand  for  some  time  in  open  ves* 
geh^  its  sugar  of  milk  is  gradually  converted  into  lactic 
mnd^  and  this,  like  every  other  acid»  causes  a  curdling 
of  the  milk,  and  at  the  same  time  ita  well-know^n  sour 
taste.  But  the  curdling  first  commences  after  most  of 
the  oil-globules  liave  collected  on  the  surface  (sour 
cream).  From  this  cream  butter  is  most  usually  pre* 
pared  with  us,  and  therefore  the  buttermilk  remaining 
(a  mixture  of  curdled  cast^itie,  lactic  acid,  and  water, 
with  some  particles  of  butter  remaining  behind)  has  an 
add  taste.  The  so-called  curd  beneath  the  cream  con* 
tains  only  some  traces  of  fat,  and  consists  accordingly 
of  vvater»  lactic  acid,  and  coaguhitcd  caseine.  By  press- 
ing we  obtain  from  It  the  smiv  whey^  and,  as  a  residuum, 
the  coagulated  caseinCj  from  which  oiu*  common  sknn* 

^miik  cheese  is  made.      When  kept  damp  this  under- 
a  decomposition  (putrefaction),  by  which  ammo* 

'  ola  is  generated,  which  forms  with  the  cascine  a  soft 
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[iaponaceous  mass.  If  the  putrefaction  advances  still 
fartbtT,  there  will  be  finally  generated  also  volatile  cora- 
pounda  of  a  very  offensive  odor  (s«lphiirett>ed  bydnigeti, 

^volatile  fat  acids,  &c.)* 

633.  Fcrmentaium  ofWtlk.  —  ExperimeTiL  —  Let  milk 
stand  in  a  flask  till  it  begins  to  cufdk,  and  then  pul  the 
flask  furnished  with  a  ttibe  for  the  cvolntion  of  pa« 
(Fig.  18S)  in  a  place  the  temperatui-e  of  wliich  ranges 
from  24^  to  30"^  C.  A  brisk  evolution  of  carbonie 
acid  will  commence,  because  the  sugar  of  milk,  whicji 
has  not  yet  passed  into  lactic  acid,  is  converted,  at  a 
higher  temperature,  first  into  grape  sugar,  and  then  into 
alcohol  and  carbonic  acid*  But  there  is  also  formed 
at  the  same  time  sotue  butyric  acid,  which  iiupaiia  a 
disagreeable  taste  to  the  spirit,  obtained  by  the  disdlia* 
tion  of  the  fermented  liquid  after  it  has  been  strained 
and  squecifcd  off.  The  fcoumiss  prepared  by  the  Cal- 
mucs  is  a  liquor  obtained  by  the  fennentation  of  mare*s 
milk. 

634.  A$bes  of  Milk* — If  milk  is  burnt  with  access 
of  air,  there  remain  behind,  after  all  its  carbooj  hydro* 

^gen,  oxygen^  and    nitrogen  have  been  converted  into 
riform  eombi nation,  ashes^  which  consist  of  potiutsa. 
It,  lime,  magnesia,  and  scsquioxide  of  iron,  and  also 
phosphoric  acid,  siilphurtc  acid,  and  chlorintv 

635.  i>4r<'jtfiofi*  —  If  we  reeon.HldtT  the  conHtitueiitu 
of  the  egg  and  the  raitk,  aa  just  stated,  wc  find  in  them 
the  falloiv^ing  clcmcntoiy  siibi^tanct*s :  — 

Tti«  vKSl  c<»ii4if  t«  ^ 
Wm*r        t^  H,  O, 
|0n  of  egg*  e.  }f,  O,  CP. 

^  H,  O.  C.  y.  B.  V. 


Wtti^r 
Batter 


Milk  itiftniitU  of 
^  11,  o. 
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But  exactly  the  siame,  and  only  the  same,  elementary 
substancea  are  foand  also  id  the  anuiial  body ;  accord- 
ingly, it  must  be  concluded  that  the  constitaentjj  of  the 
hcn'a  egg  are  used,  in  the  hatching  of  the  egg,  for  tlic 
development  of  the  young  chickco,  and  the  constituents 
of  the  mUk  which  forms  the  food  of  the  young  Mam- 
malia are  used  for  tlie  growth  and  noumhment  of  the 
latter.  It  is  the  same,  also,  with  the  coustituenta  of 
the  vegetable  and  animal  Bubstanceijj  w^hich  serve  us  as 
food.  Tlie  food  is  mixed  up  in  the  stomach  with  the 
gastric  juice  (a  liquid  containing  free  muriaiic  acid  and 
common  aalt»  which  liquid  ia  secreted  by  the  inner  skin 
of  the  stomach  J  ^ — mucous  msmhrane)^  and  la  thereby 
softened  into  a  soluble,  white,  pulpy  mass  (chyme). 
The  muriatic  acid  is  liltcwise  formed  by  a  decomposi- 
tion of  common  salt  taking  place  in  the  body,  and  it  iss 
indispensable  for  the  solution  (digestion)  of  the  food. 
The  explanation  of  this  action  is,  that  water,  rendered 
feebly  acid  by  muriatic  acid,  is  able  (after  it  has  been 
previously  loft  iu  contact  for  a  day  wiih  a  piece  of 
rennet)  to  dissolve,  at  a  temperature  of  from  30^'  to 
40^  C,  hard-boiled  albumen^  Hcsh,  and  other  food.  All 
of  the  chyme  which  has  become  soluble  is,  during  its 
passage  through  the  intestines,  absorbed  and  introduced 
as  nourishment  (chyle)  into  the  bloixi.  The  changes 
which  the  food  experiences  in  the  animal  body  are  there- 
fore the  following ;  from  the  food  is  formed  chyme, 
from  this  cliyle,  from  this  blooil,  and  from  the  blood  all 
the  nutnerous  organs  and  parts  of  the  animal  body  are 
generated,  just  as  all  ilie  organs  and  parts  of  plants  are 
generated  from  the  vegetable  juices* 
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m.   THE  BLOOD. 

Like  milk,  the  blood  also  consists  of  a  liquid  as  dear 
as  water,  in  which  small  globules  are  held  suspended; 
but  these  globules  (blood  corpuscles)  have,  boY^ever,  a 
yellowish-red  color. 

636.  Experiment.  —  If  you  let  the  blood  of  an  animal 
remain  standing  quietly  in  a  vessel,  it  will,  in  a  short 
time,  undergo  a  change ;  it  coagulates,  forming  a  dark- 
red  jelly  {the  cloty  coagvlum)^  which  contracts  on  longer 
standing,  and  a  yellowish-liquid  is  separated  (serum). 
When  the  latter  is  heated  to  boiling,  it  coagulates  to  a 
white  jelly ;  the  serum  consists  of  a  solution  of  aibumen. 
There  are  two  substances  combined  together  in  the 
coagulum,  one  of  which  dissolves  by  long  washing  in 
water,  communicating  to  it  a  red  color  (coloring'  matter 
of  the  bhodj  the  principal  constituent  of  the'  blood  cor- 
puscles), while  the  other  remains  behind  as  a  white 
fibrous  mass  (animal  fibrine).  Accordingly,  the  most 
important  proximate  constituents  of  the  blood  are 
water,  albumen,  blood  corpuscles,  and  animal  fibrine, 
which,  on  the  standing  of  the  blood,  are  transposed  in 
the  following  manner:  — 

From         Water,  Albamen,  Blood  Corpuscles,  Fibrine, 

•-  ^  '  " 

are  formed       Serum  and  Coogulom. 

It  is  a  distinguishing  peculiarity  of  the  coloring  mat- 
ter of  the  blood,  that  it  always  contains  iron. 

637.  Experiment.  —  If  the  blood  freshly  drawn  from 
the  veins  is  beaten  up  during  cooling,  it  does  not 
coagulate ;  the  fibrine  is  indeed  insoluble,  and  exists 
as  a  thread-like  coherent  mass,  which,  when  knead- 
ed  for  some  time  with  water,  becomes  finally  white, 
and,  after  drying,  Teaem\Afc%  ^e  TSi\^afi?dN»i  ^t&.    \a^ 
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deed,  it  may  be  regarded  as  half-formed  flesh,  since  it 
has  entirely  the  same  compositions  and  the  flesh  of  the 
animal  body  is  formed  from  it  The  blood  remaining 
behind  rfetains,  after  the  separation  of  the  fibrLnejifa  red 
color,  and  coagulates  on  boiling  to  a  jelly  of  a  dark- 
led color,  as  may  be  perceived  in  the  so-called  black* 
Ung*  The  metamorphosis  of  the  blood  just  treated 
lof  is,  accordingly,  as  follows  ;  — 

Water,  Albumen,  Blood  Corptisclei  Fibriuc 

rcuiaio  liquids  iKJCOmCd  foLid. 

Fibrine  belongs  to  the  albuminous  substances ;  it  13 
very  rich  in  oxygen,  and  containa  also  sulphur  and 
pho!?phorus  in  organic  conibinalion, 

638.  2'he  Ashes  0/  Blood. —  If  bJood  is  evaporated  to 
dryness,  and  heated  for  a  long  time  in  the  air,  it  will 
finally  bnrn  up,  with  the  exer^ptian  of  some  ashea. 
These  ashes  consist  of  alkuline  phosphates  (mneh  soda, 
little  potassa),  phosphates  qf  the  alkaline  earths  (lime, 
magnesia),  phosphate  of  the  sesqiii oxide  of  iroii,  com- 
mon saltj  and  the  alkaline  sulphates;  consequently,  of 
the  same  constituent.^  which  we  find  in  the  ashes  of  our 
principal  artielcji  of  nourishtnent  (eggs,  milk,  bread,  &c.)» 
In  the  vegetable  Idngdom  we  find  these  ash-eonstituentd 
mOBt  abundant  in  those  vegetable  parts  which  are  rich 
in  albnmiirous  matter,  especially  in  the  seeds  of  our 
grains  and  legnminous  plajita 

639.  Respiratkm  and  Means  of  Nimrishment  ^~  As 
long  as  an  ajiinial  lives,  its  blood  is  in  a  state  of  oon* 

I  etant  motion  and  of  constant  change*      Light-red  blood 
streams  out  from  the  heart,  through  the  arteries,  into  all 

■  *' Miitot  witli  fojca  miA  >  ■■•A  la  Hw  jirr|)ttred  iwlw- 

Unes,  cbe  bl6oit  af  tltb  nRtn:  s  tlio  mvM^p:!^  (oU  m  cha 

gh&pi  tmdtr  the  nmnff  itflitxilpmldin'j&:'  —  V«itc«r«.^Tk^^wA^8Es^X5f«*- 
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parts  of  the  body,  from  m*hieh  it  rcturtts,  darker  coloitdp 
through  the  remSy  hack  agaia  to  the  hearL  But  b**fure 
the  lattjer  bbod  recommcnGea  its  circiilation,  it  la  im- 
pelled through  the  lungSj  in  which  it  comes  in  imme- 
diate contjaict  with  the  inhaled  air,  arid  by  means  of  ! 
which  it  experiences  a  most  remarkable  change.  When 
ill  eontaet  with  the  air,  the  dark  venous  blood  is  eon* 
verted  again  iato  light-red  arterial  blood,  and  thereby 
the  air  loses  a  part  of  Us  free  ax^^ctt,  and  receives  in 
retnrti  carbonic  acid  and  vapor;  tlie  exhaled  air  Is  ac* 
eordingly  poor  in  oxygen,  but  rich  \n  carbonic  acid  and 
vapor.  This  change  of  the  air  is  obviously  very  much 
like  that  which  the  air  ondergoes  by  the  process  of  com- 
bustion; for  in  this  case^  too,  its  free  oxygen  is  convert* 
cd  into  carbonic  acid  and  water.  Indeedj  this  simikrity 
is  rendered  still  more  apparent^  when  we  considrr^  niciro- 
ovefj  that  keai  becomes  free  also  in  the  anittial  bmly,  as 
long  as  it  liveB  and  breathesi,  and  that  the  food  rccscived 
into  i\j  like  wood  in  the  stove,  entirely  disappears^  with 
the  exception  of  a  smatj  portion  which  passes  off  in  Iha 
form  of  excrements.  Its  disappearancsc  takes  place  in 
exactly  the  same  way  as  that  of  wood,  with  V^  ve 
heat  our  apartments;  this  disappearance  is  r  Uy 

a  change  of  the  food  into  aeriform  combinationit,  into 
earbonic  acid  and  vapor,  which  arc  partly  exhajed  by 
the  lungs,  and  partly  evaporated  from  the  stkin- 

For  this  purpose,  as  it  seems,  non-azotizcd  foodi 
namely,  starch,  -  cuii,  fat^  lactic  acid,  and  other 

organic  acids,  b^  ,  &a,  are  principally  emptoved* 

and  ajfe  therefore  called  elements  of  respiraiiom 

It  is  different  with  tli  '        u*cs  wIul*  ui 

nitrogen,  sulphur,    and  ;    t]ie-»c  tif 

tbe  production  of  bluodi  the  constitnenU  of  which  are 
^tbe  same.      These  substances,  albumen,  fibrine,  Ace^ 
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afterwards  pasis  with  the  blood  into  all  parts  of  the 
animal  body,  and  are  transformed  into  llesh,  nerv^cs, 
muscle,  hair,  nails,  &c.  For  this  reason,  they  have 
been  called  the  piasiic  elements  of  mdrition.  Those 
a^otissed,  sulphurized,  and  other  substaiiceB,  such  as 
Baits,  which  can  no  longer  be  used  in  the  animal  body, 
are  removed  from  it  again  by  the  solid  excrement«  and 
the  urine* 


I 


IV.   THE  FI-ESm 

What  is  commonly  called  meat  (muscle)  h  like^Hsc 
(see  §  637)  animal  fibrine  or  wuseular  fibre.  In  this 
form  it  consists  of  bundles  of  fme  GbreSj  which  ure  in- 
terwoven with  cellular  tissue,  nerves,  and  veins,  and  are 
thoroughly  penetrated  with  a  watery  liquid^  the  so- 
called  Juice  of  tiesh. 

640.  Juic^  of  Flesh*  —  Experimeni.  —  Minco  a  quar* 
ter  of  a  pound  of  lenn  meat  very  fine,  pour  over  it  a 
quarter  of  a  pound  of  watery  and,  after  letting  it  stand 
fiileen  minutes,  press  out  the  Uquid  through  a  llneu 
doth;  pour  over  the  residue  the  same  quantity  of  wa- 
ter, squeeze  out  the  liquid,  and  mix  this  with  the  former 
liquid.  In  the  redflish  juice  are  contained  almost  all 
the  soluble,  and,  at  the  same  time,  all  the  savory  and 
odorous  constituents  of  the  flesh*  If  this  juice  is  heated 
to  60'^  C»  a  frothy  mass  separates  bom  it,  which  con- 
sists of  cnagidat^d  albumen.  When  the  liquid  filtered 
off  From  this  is  boiled  for  some  time,  a  turbid  negis  again 
ensues,  which  is  caused  by  the  coloring  vmtter  and 
fibrine  (§630)  of  the  blood  cxtrnctcd  ats^o  from  the  flesh, 
which  likewise  coagulate  at  a  boiling  heat-.  The  acid 
broth  or  decoction  [hmiUon)  now  remaining  behind 
contains  free  phosphoric  and  lactic  acids,  phosphate  aod 
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lactate  cifbe  •nrali«»g  (macfa  potaasa,  little  soda),  phmar 
phate  of  magnesia,  together  with  several  oiganic  mat- 
ters, a  cnrstaUme,  indifiEeieat  organic  body  {creatifie)^ 
and  a  crjrstalline,  basic,  oiganic  body  {creatMMe)^  nei- 
ther of  which  has  been  yet  thcioaghly  investigated. 
By  evaporation  the  broth  becomes  yeUow,  and  finally 
brown  {roasi-brotk) ;  if  evaporated  to  dryness,  a  dark- 
brown  soft  mass  {eztract  of  flesh)  remains  behind,  half 
an  ounce  of  which  is  sufficient  to  convert  one  pound  of 
water,  to  which  some  common  salt  has  been  added, 
into  a  strong  and  savory  soup. 

641.  Fibrous  Tissue.  —  ExperimenL —  If  you  boil  the 
fleshy  residue  left  after  the  former -experiment  with 
water  for  some  hours,  yon  obtain  a  liquid  which  coag- 
ulates in  the  cold  to  a  jelly,  and  consists  principally  of 
a  solution  of  gelatine  ;  the  fat  floating  on  the  surface 
proceeds  firom  the  tallow,  or  fat  of  the  flesh.  What  re- 
mains is  fibrous  tissue^  a  milk-wnite,  hard,  tasteless,  and 
odorless  fibrous  mass ;  in  this  hardened  state  it  is  diifi- 
culdy  digestible,  and  but  slightly  nutritions. 

The  annexed  grouping  gives  a  probable  idea  of  the 
quantitative  composition  of  the  flesh.  From  one  thou- 
sand pounds  of  beef  were  obtained, — 

a.)  By  expression  with  water  (consisting 

one  half  of  albumen),          ...  60  lbs. 
b,)  By  five  hours'  boiling  with  water  (con- 
sisting chiefly  of  gelatine),      .        .  6" 
c.)  Lean,  juiceless,  and  tasteless  fibrine,        .  164  ^ 

(L)  Fat  or  taUow, 20  « 

e.)  Water, 750  « 

1000  lbs. 

642.  Boiling  of  MeaL  —  To  obtain  by  boiling  an  ex- 
cellently tender,  savory,  and  nutritious  meat,  care  must 
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be  taken  that  the  juice  is  jiot  extracted  from  the  flesh 
during  boilings  but  remains  in  it^  and  that  the  boiling 
is  not  continued  too  long.  If  the  albumen  eonlaiaed  m. 
the  juice  remains  in  the  interstices  of  the  animal  fibres, 
a  tender  roasted  or  boiled  meat  is  obtained;  but  if, 
during  the  boiling  or  roasting,  the  juice  goes  into  the 
broth  or  gravy,  then  the  meat  becomes  tough  and  hard. 
It  is  best  to  put  the  meat  to  be  boiled  into  boiling  wa- 
ter, continue  the  bolting  for  several  minutes,  and  then 
let  It  stand  for  i*ome  hours  in  the  kettle  on  the  hearth 
of  the  stove,  where  the  temperature  ia  about  70^  C. 
In  this  way  the  albumen  in  the  external  layers  of  the 
meat  u  immediately  coagulated  by  the  boiling  water, 
and  forms,  in  this  coagulated  stale,  a  coating  which 
preveiita  the  escape  of  the  liquid,  and  likewise  the  pen- 
etration of  tlie  external  water  into  the  interior  of  the 
meat^ 

643.  Preparation  of  Brotkj  or  Soup,  —  We  must  man- 
age in  just  the  contrary  w^ay  if  we  wish  to  obtain  a 
good  and  abundant  soup  from  the  meat.  To  effect 
this,  mince  the  meat  fine,  mix  it  uniformly  with  an 
equal  weight  of  cold  water,  heat  it  slowly  to  ebullition, 
let  it  boil  for  a  few  minutes,  and  finally  strain  off  and 
squeeze  out  the  liquid.  By  adding  to  this  liquor  some 
common  salt^  and  other  ingredients  with  u*liich  soups 
are  commonly  seaBoned,  and  then  coloring  it  somewhat 
darker  with  onions  burnt  brown,  or  with  burnt  sugar, 
to  give  it  the  ordinary  favorite  brownish  color,  we  ob- 
tain the  best  soup  which  can,  in  general,  be  prepared 
from  a  given  quantity  of  meat.  Hitherto,  it  has  been 
frequently  assumed  that  gelatine  formed  the  most  im- 
portant, most  charaeteristic  constituent  of  animal  soup  ; 
but  this  is  a  mistake,  sitiGe  the  gelatine  itself  is  quite 
tasteleai^  and  forms  but  a  very  iosignlficaut  part  of  the 
54' 
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BOiqp.  And  for  this  reason,  the  so-called  portable  soup 
prepared  in  England  and  France  cannot  yield  a  really 
good  animal  broth. 

644.  Saliing  of  MeaL  —  A  universally  known  method 
of  preserving  meat  is  to  salt  it  down,  that  is,  to  mb  into 
it  and  strew  over  it  some  common  salt,  and  let  it 
remain  piled  np,  or  pressed  together,  for  some  time. 
The  common  salt  extracts  from  the  flesh  one  third  to 
one  half  of  the  jnice,  dissolves  in  it,  and  forms  with 
it  the  so-caUed  brine.  Since,  consequently,  a  large  por- 
tion of  the  nutritive  albumen,  and  of  the  lactates  and 
phosphates  essential  to  digestion  and  nourishment,  and 
also  of  the  creatine  and  creatinine,  are  removed  with 
this  brine  from  the  meat,  the  latter  must  lose  in  nutri- 
ture,  and  it  is  not  improbable  that  this  is  the  reason 
why  a  long  continued  dieting  on  salt  meat — for  in- 
stance, during  sea-voyages  —  is  followed  by  scurvy  and 
other  maladies.  Hence,  it  would  be  better  not  to  let 
the  salUQg  of  the  meat  continue  till  a  brine  is  formed. 

V.   THE   BILE. 

645.  The  bile  separates  in  the  liver  from  the  venous 
blood ;  it  consists  of  a  thickish,  greenish-yellow  liquid, 
and  possesses  a  very  bitter  taste.  Its  chief  constituents 
are  choleic  acid  and  sodoj  which,  combined  with  each 
other,  have  a  saponaceous  character.  If  you  shake  up 
bile  with  water  tlie  solution  froths  like  soap-suds ;  it 
also  comports  itself  like  this  towards  greasy  substances, 
and  therefore  is  frequently  used  for  washing  silks, 
which,  by  the  application  of  soap,  would  lose  their 
color.  The  dried  gall-bladder  of  the  carp  forms  an  ar- 
ticle of  commerce. 

JEaperiment. — BiasoVi^  ^  >i\^e  caTp-goJLl^  ox  «Qme 
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drops  or  fresh  ox-gall,  in  a  little  water,  and  add  grad- 
I  nally  to  the  solution  sufficient  common  sulphuric  acid 
entirely  to  redissolve  the  precipitate  formed  ;  if  you  now 
add  a  few  tirops  of  sugared  water,  or  thiu  starch*pnste^ 
the  liquid,  unless  rendered  too  hot  by  the  addition  of 
sulphuric  acid,  assumes  a  splendid  violet-colon  In  this 
way,  extremely  small  quantities  of  sugar  or  starch,  or, 
inversely,  of  bile,  may  be  detected. 
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Yl.    THE  SKm, 

646.  The  whole  body  of  the  animal  is  externally  sm* 
rounded  by  the  solid  elastic  skint  which  consists  of  a 
I  thick  tissue  of  cells,  between  which  are  small  openinga 
(pores)*      The  annexed    figure 
represents  a  piece  of  human  skin 
abotit  the  size  of  a  mustard-seedt 
as  it  appears  under  a  powerful 
magnifying-glass.    Partly  an  oily 
substance,  and  partly  a  watery 
pergpiiation,  together  with  some 
carbonic  acid,  are  separated  from 
the  body  through  the  pores. 
^cpmment. —  Put  a  piece  of  fresh  animal  skin  tn 
water;  it  swells  up  in  it  without  dissolving ;  if  kept  for 
some  time,  it  passes  ovf*r  into  an  offensive  putrefiiction, 
If,  however,  the  skin  is  boiled  for  some  hours  with  wa- 
ter, the  largest  part  of  it  dissolves,  and  we  obtain  a 
liquid  which,  ou  cooling,  coag^dales  into  a  trenmhus 
jeU^*    "When  dried,  this  forms  the  well'know^n  ^tm* 
The  skin  docs  not  contain  glue   ready   formed,  but 
a  tissue,  which  first,  after  long  boiling,  passes  over 
into  glue,  and  has  received  the  uamQ  of  g^latin&ui 
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647*  GeiuHne  forms  a  principal  coiistitiient  of  tbo^j 
aniiTiai  body,  for  it  is  found  in  almost  aU  parU  of  iti 
which  do  not   belong  to  the  albuminous  substances;] 
for  instance,  in  the  interior  skin,  the  musclesj  tlic  ten* 
doiiB  and  ligamcnU,  the  bones,  horns,  &c*     Its  oom 
position   is  very   nearly  that  of  albumen   or  animal  J 
fibriac ;  like  tljese,  it  is  verp  ricJi  in  niirogen^  and  con- 
tains also  some  sulphur,  but  it  is  distingimbed  from 
them  essentially  by  its  properties^  and  its  behairioor  to* 
wards  other  substances, 

Ghie^ — ^The  common,  amorphous  glue  is  mostly 
prepared  from  refuse  skins  or  bones,  eilhex  by  exixm> 
tioiT  with  hot  water,  or,  better,  by  the  pressure  of  steam 
(digesting).  The  concentrated  hot  »olnticin  m  tlicn  al- 
lowed to  settle,  and  the  thin  liquor  yield*,  on  cooling, 
stiff  jelly,  which  is  cut  by  win.^ti  into  thin  cakes,  nnd 
placed  to  dry  upon  packthread  nettings^  which  give  it 
the  well-known  grooved  appearance. 

ExpcnmenL  —  If  you  nilow  glue  to  lay  in  ec4d  waterJ 
it  swells  up  into  an  opaque  soft  mass;  if  you  thci 
heat  it,  you  obtain  a  complete   transparent  s^ohition," 
whichj  even  when  a  hundred  times  diluted,  stiiTeus  on  j 
cooling.     The  application  of  glue  as  an  adhesive  me-fl 
dium  is  well  known;  its  adhesive  power  is  much  in*" 
creased  by  addmg  to  it  white  lead  (Bussian  glue)  or 
borax  (about  an  ounce  or  an  ounce  and  a  balf  to  a 
pound  of  glue)* 

Mn^Ims^  alft^o,  is  one  of  the  gektioous  subflrtanc 
This  consists  of  the  inner  ?kin  of  s^cYiTal  Knheik  par^ 
tieularly  of  tlte  stnrgron,  which,  after  h< 

dried  and  brought  into  the  market  in  th^  ..* i  y 

or  of  sticks  twisted   into   the   nhnpe   of  a  fioraesboej 
On  boiling,  a  colatlesa  or 
,i»  obtained  from  it,  vMKid\  \^ ....,,  ...  ,  -^     . 
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medium,  or  whea  smeared  upon  tagtty  aa  court-plaster^ 
or  mixed  with  the  juices  of  fruits  and  sugar  for  the 
preparation  of  jellies. 

The  antiers  of  the  deer  are  likewise  rich  in  gelatinef 
amd  on  this  account,  when  rasped,  yield,  by  long  con- 
tinued boiling  with  water,  a  liquid  which  stiffens  in 
the  cold  (hiirtshorn  jelly). 

Small  quantities  of  gluten  occur  also  in  broth,  and 
in  roaut-broth,  and  impart  to  them,  especially  to  the 
latter,  the  property  of  stiflenitig  in  the  cold  to  a  tremu- 
lous jelly, 

048.  Gelatine  and  Tannk  AcUL  —  Experiment.  —  If 
you  pour  some  tincture  of  galls  upon  a  solution  of 
gelatine,  or  upon  a  decoction  of  meat,  you  obtain  a 
flaky  pR^cipitate,  a  combination  of  gelatine  with  tan- 
nic acid,  whiclj  is  insoluble  in  water,  and  may  remain 
exposed  to  the  moist  air  without  passing  into  putrefac- 
tion* For  this  reason,  gelatine  is  an  excellent  means 
for  clarifying  liquids,  for  instance,  wine,  &c,,  from  any 
tannin  that  they  may  contain* 

But  this  action  of  tannic  acid  upon  gelatine  m  of 
far  more  importance,  as  it  may  be  used  for  converting 
animal  skius  into  kaihvr.  The  gelatine  of  the  skin  is 
thus  alteretl,  as  the  gelatme  in  the  experiment  was, 
when  the  skins  are  packed  in  layers  with  ground  oak 
or  pine  bark  (tan)  in  vats*  and  allowed  to  remain 
moistened  with  water  till  they  are  quite  saturated  with 
tl)c  brown  t^innin  of  the  bark  {tanning:)  >  This  penetra* 
tiun  takes  place  more  rapidly  by  forcibly  pressing  the 
liquid  containing  tannin  into  the  skin  {quick-lunmng^}^ 
T\h\  brown  sole  and  upper  leather  consist,  oiccordirigly, 
of  cellular  tissue,  the  gelatine  of  which  has  become  io- 
timntely  combined  with  the  tannic  add;  it  is  now, 
mped^ly  when  it  is  satutaled  mlV  ^"A.  m  \^^ 
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Bupple,  and  almost^ impervious  to  water;   nor  wlicn 
moist  does  it  undergo  putrefaction. 

Skhis  are  con%*erted  in  another  inanner  into  leather, 
by  means  of  certiun  saltn,  most  fretiucnlly  by  laying 
them  in  a  solution  of  alum  and  common  salt,  aiic] 
afterwards  working  them  with  fish-oil  and  other  fats ; 
the  leather  prepared  in  tliis  way  is  white,  and  is  sofifx 
ajnd  more  supple  than  the  former  (iawing-)*  The  still 
softer  wash  or  vfmmois  Icatker  h  obtained  by  working 
the  skins  a  long  time  with  faU  In  this  way  the  LidiaiKs 
also  oonvert  the  gkins  of  animals  into  soft  leather,  by 
kneading  them  with  the  brains  of  aninmls  that  have 
been  steeped  in  hot  water,  until  the  fat  contained  in 
the  brains  has  been  absorbed  by  the  skin,  ^ 

If  the  softened  and  scraped  skins  are  stretched  in 
frames,  and  rubbed,  while  drying,  with  pumice-stune, 
till  they  are  quite  smootli^  the  thm,  trautflucent,  siiir, 
and  etastie  parch  me  lU  is  obtained  {hog'-skin).  By  ro  tu- 
bing with  chalkj  the  parchment  becomes  white  and 
opaque,  by  smearing  with  white  lead  and  varnisib^  poU 
islicd  and  smooth  {wrUin^'parchmeni), 

640*  Before  the  animal  skins  eiin  be  subjected  to 
either  of  the  operations  just  described}  they  must  bo 
freed  from  the  hair.  This  is  eaiily  done  by 
after  the  skin  has  been  decomposed  either  by  u,-  ,.,.,a- 
enee  of  moisture  and  heut^  or  Ijy  caustic  potassa,  Sul- 
phuret  of  calcium  may  also  be  used  fur  Ibift  pcirpocie 
(^  405). 

650.  Gelatine*  like  otlier  animal  subs^tanccs  io  tbo 
presence  of  air  and  water,  very  readily  piuc-M's  into  de* 
tatj  or  putrefaction^  and  yields  thereby,  since  it  b  very 
ricJi  in  nitrogen,  mnch  ammonia  ;  thcri^fore  it  will  not 
appear  strange.  llu\t  it  yowccfuUy  yroi  'i 

of  plants*     lU  effect  mu'j  \wi  o\>^t  -^  ...  ^  ^..^^  ^^.a- 
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prising  inaxiiier  in  the  liyaciuth,  if  it  la  occasioimlJy 
watered  with  a  thin  solution  of  glue,  or  if  the  bulbs 
are  &um>n tided  with  honj-shavings  when  planted  in  the 
earth, 

601,  If  gelatine  is  boiled  for  some  time  with  potassa 
lye,  there  is  formed  from  it,  together  with  some  other 
products  of  deeom position,  a  peculiar  substance,  cryj- 
tallizing  in  needles;  it  has  a  very  awect  tastC|  and  ha^ 
received  the  name  of  sug'ar  ofgdatine^  or  i^lt/cocolL 

652.  There  is  a  kind  of  gelatine  which  varies  eome- 
what  in  its  properties  from  common  gelatine;  it  is  ob- 
tained from  young,  not  yet  fully  hardened  bonesj  and 
from  the  cartitaginoud  part^j  of  tlic  animal  body, —  for 
instance^  from  the  cartilages  of  the  windpipe,  of  the 
BOtfe,  &c.,  —  by  long  boiling  wjtli  water.  This  kind  of 
gelatine  has  received  the  special  name  of  chondrim* 

653.  Sorn^  Matter.  ~  T\m  hair,  woolj  bristles,  feath- 
ers, naik,  claws,  lioofs,  Iioriib%  seniles,  &c.,  which  often 
cover  the  skin  of  animalr^,  arc  not  dissolved  by  buiiing 
with  water  into  gelatine;  they  very  much  rcBcnible  the 
latter  in  their  coustitutioa,  but,  besides  nitrogen,  they 
contain  also  some  sulphur.  Their  containing  snlpbur  is 
the  reason  why  they  become  black,  when  heated  with 
a  solution  of  lead,  since  a  dark  sulphuret  of  lead  is 
f  o  rme  d  *  Wool  eo  as  is  ts  o  f  li  o  1 1  o%v  y  c  1 1  o  w  i  s  i  i  tii  bcs ,  co  v* 
ered  with  fat  By  wasiiing  witli  putrid  urine,  or  soap« 
Waaler, the  fat  may  be  removed;  but  by  sulphurous  aoid 
the  yellow  color  is  converted  into  white  (chlorine  is  not 
applicable  to  the  bleaching  of  wool}*  The  fibres  of 
wool,  as  well  as  those  of  silk,  likewise  having  an  ani- 
mal origin,  have  a  fur  greater  afrmlty  for  coloring  mat* 
ter  than  ttie  vegetable  fibres  linen  or  cotton  have  ;  and 
this  id  the  reason  why  woollen  and  silk  stufi*!  may  be 
more  easily  or  permanently  d^cA  VWtv  coSXa^tiI  ^3(i V\>s?Ck^ 


1 


4 


ANIMAL    RUTTEIL 


By  boiling  with  lye,  ail  the  above-named  ammat  rob- 
stances,  consisting  of  horny  matter,  naay  be  entifdy 
dissolved 


YIL    THE  BOl^S. 

The  bone3  forming  the  Bolid  skeleton  of  the  aniitial 
body  consist^  one  third  of  ofganic  gelatinous  matter, 
and  two  thirds  of  inorganic  matter  (bone-earth), 

654,  Bom-varUu  -^  ExperimenL  —  Pnt  a  piece  of 
beef-bonej  which  has  been  wcigbedj  into  a  furnaee-fire, 
and  take  it  ont  again  when  it  hai  entirely  recovered  its 
white  color;  the  gelatine  burns  up,  but  the  bone-earth 
remains  behind.  The  bone  burnt  to  whitefitsSj  which 
has  become  one  third  light^T,  consists  principally  of 
phosphate  of  lime  mixed  with  some  carbonate  of  lime 
(magnesia,  fluoride  of  calcium,  and  chloride  of  sodium)* 
This  proportion  betw^ecn  gelatine  and  lione-carth  1% 
however,  not  unchangeable;  it  varies  in  different  ani- 
mal0,  and  indeed  even  in  one  and  the  same  ajiimal,  ac* 
cording  to  its  age. 

005.  Bone-blacks  —  Experiment  —  If  yon  heat  a  bone 
for  Bome  honra  in  a  ejuciblc  which  is  well  covered  with 
a  piece  of  elate,  it  assnmes  a  black  color;  it  beoames 
bone-black  (ivory-black,  &c.).  As  the  air  in  such  cases 
does  not  have  access  to  tbe  bones,  only  an  imjierfecl 
combustion  takes  place,  a  charring  of  tlio  ^latino; 
tlie  bonc*earth,  intimately  mixed  with  the  carbon,  rep  i 
mains  bchiJid, 

Exjierimcnt. —  If  you  add  some  diluted  muriaik  add 
to  the  bone-black,  find  let  it  n  ;  '   r^c  in  a 

warm  pUiue,  the  bonc-carth  will  .id  the 

carbon  may  be  separated   by  tiitjaiioa,  wm^ed,  and 
dried.     From  one  ounce  of  bone-black  only  half  or 
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three  fourths  of  a  dram  of  carbon  is  obtained;  but  tWs, 
on  account  of  ita  minute  state  of  diviBlon,  poasessea 
«uch  a  striking  bleaching  power,  that  one  ounce  of 
bone-black  acts  far  more  powerfully  than  the  same 
quantity  of  wood-coaL  K  ammonia  m  added  to  the 
filtered  liquid,  the  dissolved  phosphate  of  lime  is  agaui 
precipitated  from  it  as  a  white  powder,  because  the 
muriatic  acid  is  neutralijEed  by  the  ammonia,  and  thereby 
loses  the  capacity  of  holding  the  bone-aarth  in  solution- 
056.  Experimenl.  —  Put  a  bone  in  a  glass  vessel,  and 
pour  over  it  some  diluted  murialic  acid;  the  bone  will 
gradually  become  soft  and  transparent,  and  finally  pass 
into  a  cartilaginous  translucent  mass*  The  way  in 
wliich  the  muriatic  acid  acts  is  obvious  from  the  former 
experiraent ;  it  dissolves  the  bone-earth,  and  the  gelatine 

^femains  behind,  since  it  is  insoluble  in  muriatic  acid 

■mnd  in  water.  U'  the  gelatine  is  taken  from  the  acitl, 
and,  after  having  been  washed,  is  boiled  for  some  time 
-with  water,  it  passes  over  into  glue,  and  a  solution  is 

ll^btained  which  coagulates  on  cooling,  Tliis  method 
is  employed  in  many  factories  for  preparing  glue  from 

ubones.     The  acid  solution  of  bone-earth  makes  an  c\- 

rtoellent  manure.  That  bone-earth  is  in  fact  dissolved  in 
the  acid  is  readily  ascertained  by  the  addition  of  am- 

jmoniap 

^  657*  In  boiling'  out  the  bones  with  water,  not  only  the 
fat  present  in  all  bones,  but  also  the  gelatlae  lying  in 
the  external  part,  is  extracted,  and  the  latter  may  bo 
entirely  extracted  when  the  boiling  is  performed  in 
tight  Teaeaki  u  in  this  case  the  water  is  forced  by 

Lthe  increased  pressure  Lnto   the  interior  of  the  bones* 

rSteam^  also,  at  a  great  tcneion,  operates  in  the  smne 
way.     Glue  is  prepared  on  a  krgc  scalej  according  to 

|))oth  of  these  methods. 

I  55  A 
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658,  Bone-diisU  —  Unbamt  bones  ground  to  a  coardo 
powder  (bom-tlmi)^  and  also  white  or  black  burnt 
bones,  have  for  many  years  been  regaided  in  England 
as  an  excellent  raanure;  in  Germany  it  is  only  in  more 
recent  times  that  their  economical  value  has  beea  reo 
ognisred.  It  is  very  obvious  how  they  enhance  the 
fertility  of  land  \  the  burnt  bones  furnish  the  noil,  by 
means  of  the  bone-earth>  with  two  inorganic  «ub- 
stances,  lime  and  phospkaric  addj  wliich  every  jjlant 
requires  for  its  deveJopmeat ;  the  unbuint  boac&j  roorc- 
oveTi  by  means  of  their  gelatinous  matter,  furnish  <ww- 


TUX    THE  SOLID  EXCKE^IEinS  Km>  UEINB. 

659.  Thof?e  ingredients  of  the  food  consumed,  which 
are  not  applicable  to  nourishment,  that  is,  which  can* 
not  be  converted  into  the  constituents  of  the  animal 
body,  and  those  parts  which  are  separated  from  the 
body  (as  no  longer  serviceable  to  the  vital  process)  by 
the  incessant  process  of  renovation,  which  we  call  life, 
are  either  removed  from  the  body  in  an  aeriform  state^ 
by  breaihiftg-  or  insensibte  perspiralioni  ^r  in  a  liquid 
form,  as  urine,  or,  finally,  in  a  solid  form,  that  of  the 
solid  excrenicfUs*  Both  of  the  last-named  subsUuioes 
Tare  of  great  consequence  in  medicine  and  domestic 
'economy;  in  medidne,  because  the  physician,  in  cases 

of  sickness,  is  frequently  able,  by  t^  -r    - **»ion,  to 

ascertain  the  nature  of  a  diseaM^;  in  i  nomy, 

because  the  farmer  makes  use  of  tl^em  iW  pronootiag 
the  growth  of  plants. 

The  wHd  excremenis  (faoees)  can&iiFtv  for  Uie  mo«t 
■fart,  of  those  constituetsCs  of  the  food  which  ar©  not 
solved  in  the  stomach, ^ nol  digested;  in  the  her- 
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bivoTOna  animals,  principally  of  vegetable  tissue^  chlo* 
rophylli  wax,  and  Inaoluble  salts;  in  the  caniivorous 
animals,  clogB,  for  instance,  frequently  almoit  wholly  ofj 
inorganic  substances,  as  phoaphate  of  lime,  magncsiap 
&^.f  mixed  with  but  a  very  small  qnantity  of  orgaula 
matter*  The  beneficial  influence  of  solid  excrcmcnta 
on  vegetation  is  principally  owing  to  the  inorganio 
compoEnds  contained  in  them  (lime  and  mague&ia^ 
phosphoric  acid,  and  silicic  acid)* 

G60.  By  the  urine,  which  is  separated  in  the  kid- 
neys from  the  arterial  blood,  the  soluble  gaUs  cootained 
in  food,  and  als<»  the  niiroffem,  no  longer  necessary  for 
the  vital  process,  are  removed  again  from  the  body ;  it 
is  naturalj  thereforcj  that  the  consUtnents  of  it,  as  like- 
wise of  the  fteces,  should  correspond  exactly  witli  the 
food  consumed.  If  this  is  rich  in  soluble  salts,  the  _ 
urine  will  also  be  rich  in  them;  if  this  containfi  only  afl 
few  sohible,  but  many  insoluble  salts,  the  urine  will  l>e 
poor  in  soluble  saltSj  while  the  fEpces  will  be  rich  in  in 
soluble  salts.  Consequently,  tho  amount  of  inorgamu 
Bubstanees  in  the  animal  excrement  or  manure  may  b« 
just  as  accurately  ascertained  from  the  food  which  the 
animal  consumesj  as  from  the  manure  itself.  The  food 
has  only  to  be  burnt,  and  the  remaining  ar*hc3  ok- 
amined;  those  parts  of  it  which  are  solnblc  in  water 
correspond  with  the  salts  in  the  urine ;  those  which  aro 
insoluble,  to  the  organic  subetancea  of  the  fa^ceiw  Wc 
find  in  the  urine  of  cows  and  holies  princi pally  alka* 
line  carbonates,  muriates,  lyid  sulphates  (potassa,  soda, 
and  ammonia) ;  in  the  urine  of  men,  moreover,  somo 
alkaline  phosphates. 

661.  NUrog-en  is  contained  in  the  urine,  either  in  tho 
form  of  ureaj  uric  acid,  or  hippuric  add*  Urine,  like 
the  Juioe  of  llesh,  contains,  moreover,  creatine  and 
creatinine  (§640). 
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652  ANIMAL   MATTER. 

Urea  occurs  in  the  greatest  abundance  in  the  mine 
of  the  higher  animals,  especially  in  the  camivorons 
quadrupeds.  It  crystallizes  in  colorless  needles,  or 
prisms,  and  is  easily  soluble  in  water.  This  substance 
has  excited  great  scientific  interest,  as  it  is  the  first  or- 
ganic compound  which  has  been  artificially  prepared. 
Thus,  it  was  found  that  cyanate  of  ammonia^  without 
losing  any  of  its  constituents,  or  receiving  any  new 
on^s,  was  converted  merely  by  heat  into  urea. 

From  Cyanic  Acid  »  Carbon,  Oxygen,  Nitrogen, 

and    Ammonia     «■  Nitrogen,  Hydrogen, 

* ,  .  * 

was  formed  Urea. 

In  a  practical  point  of  view,  that  decomposition 
which  urea  undergoes  in  urine,  when  the  latter  putre- 
fies by  long  standing  in  the  air,  is  of  great  importance. 
During  this  decomposition,  the  urea  combines  with  the 
constituents  of  two  atoms  of  water,  and  becomes  there- 
by carbonate  of  ammonia;  from 

Urea    «=  Carbon,  Oxygen,  Nitrogen,  Hydrogen, 

and  Water  =  Oxygen,  Hydrogen, 

-*    "^ 

are  formed      Carbonic  Acid     and     Ammonia. 

662.  Uric  acid  (lilhic  acid)  predominates  in  the  urine 
of  the  lower  animals;  the  white  excrements  of  birds 
and  snakes  (a  mixture  of  fceces  and  urine)  consist 
chiefly  of  urate  of  ammonia.  In  the  pure  state,  it 
consists  of  fine  white  crystalline  scales,  which  are  dis- 
solved in  water  only  with  extreme  difficulty.  On  ac- 
count of  this  difficult  solubility,  they  sometimes  sepa- 
rate spontaneously  from  the  urine  (gravel  and  urinary 
calculi).  If  the  excrements,  which  are  rich  in  uric  acid, 
are  allowed  to  remain  for  some  time  exposed  to  the  air 
they  will  absorb  oxygen,  and  afterwards  contain  ozcUate 
of  ammonia;  if  the  latter  takes  up  more  oxygen,  it 


paaaes  over  ioto  carbonaie  of  ammonia*  Thus  is  ex- 
plained why  we  freqiiently  find  in  some  sorts  of  guano 
only  traces  of  uric  acid,  but  instead  of  it  large  quan- 
titiea  of  oxalates. 

663*  Guano  {bml-manure), —  Guanoj  which  in  Teceiit 
times  has  been  in  such  demand  as  a  manure,  owes  its 
efficacy  chiefly  to  the  uric  acid  contained  in  it,  or,  in 
so  far  as  tliis  has  already  undergone  decomposition,  to 
the  ammoniacai  saiis  formed  from  it,  and  in  part  also  to 
ioorgatiic  salts  (sulphatcj  phosphate,  and  muriate  of 
potassa,  soda,  lime,  magnesia,  &c.)  present  in  it^  On 
account  of  the  great  didercnce  in  the  article,  It  is  indis- 
pensable that  the  farmer  should  test  it  before  its  appli- 
cation*  This  is  done  with  sufficient  accuracy  for  agri- 
cultural purposes  in  the  following  way. 

RtjienmetU  a. —  Pour  some  strong  vinegaT  over 
gnano;  no  perceptible  eflervescence  should  ensue,  A 
brisk  efTervesceace  would  indicate  an  admixture  of  car- 
bonate of  lime. 

Experiment  &.  —  Heat  half  an  ounce  of  guano  in  an 
iron  spoon  over  an  alcohol  lamp,  or  upon  glowing  char- 
coal, till  it  is  burnt  to  a  white  ashes;  good  guano 
BhouJd  only  leave  behind,  at  the  most,  one  dram  of 
ashes.  How  much  ajkaltne  salt  this  ashes  contains 
may  be  ascertained  by  extraction  with  hot  water;  what 
lemaiiis  are  earthy  (lime  and  magnesia)  salts*  The  in- 
ferior sorts  of  guano  often  yield  after  burning  three 
quarters  of  ashes. 

Experiment  c.  —  Treat  half  an  ounce  of  pulvemed 
guano  Beveral  times  with  hot  water,  and  decant  the 
liquid  after  it  has  become  clear  on  settling ;  then  dry  and 
weigh  the  muddy  mass  which  finally  remains;  it  ihoiild 
not  weigh  more  tiuin  a  quarter  of  an  ounce* 

66  li  Hippuric  Acid, —  Tliis  azoti^ed  acid  dwaya  oo» 
55* 
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curs  in  the  urine  of  herbivorouj*  ammals ;  it 
in  long  white  needles,  and  is  difficultly  soluble  in  water* 
On  the  putrefaction  of  the  mine,  it  is  converted  into 
beo^coic  acid  and  ammonia. 

Human  urine  contains  the  above-named  eomponnda 
rich  in  nitrogen, ^ — orea^  uric  acid,  and  hTppiirie  acid; 
the  ficstj  nrea,  in  the  large&t  quantity, 

665,  When  urine  retnains  for  some  time  exposed  to 
the  air,  it  undergoes  a  docompositionj  by  which  volatile 
substances  having  a  dUagreeable  odor  are  formed;  it 

Impasses  into  putrefaction.  It  ia  obvious  from  what  baa 
been  slated,  ih^t  carbofiale  ofamnioniu  m  to  be  regarded 
as  the  principal  product  of  this  deeompositioo  (putrid 
urine  containgij  moreover,  creatine)-  Putrid  urine  tnay, 
thereforej  be  employed  for  the  cieansing  of  wool^  and 
for  the  preparation  of  chloride  of  ammonium  {§  23^). 
This  change  takes  place  when  the  urine  is  collected  in 

I  manure-heaps,  or  is  poured  upon  the  soil  I'o  prevent 
the  evaporation  of  t!jc  vokdile  carbonate  of  atnmontai 
it  19  well  to  add  gypsum,  diluted  sulphuric  acid|  or 
green  vitriol,  from  time  to  time,  to  the  manm-o-heaps,  by 
which  means  sulphate  of  ammonia  is  formed,  whidi 
does  not  escape  at  the  ordinarj^  temperature.     In  this 

.reBpect,  also,  au  addition  of  subataneca  rich  in  carbon, 
for  instance,  bone*black,  earthy-brown  coal,  peat,  4ce-, 
acts  very  beneficially,  because  the  coal  first  retards  ttie 
putrid  decomposition,  and  afterwards  retains  the  ga^cs 
hereby  formed  (carbonic  acid,  ammonia,  jiulphurtni*5d 
hydrogen,  &e.).  The  inorganic  salts  of  the  urine,  and 
of  the  solid  excrements,  are  not  cssentiully  rl  v 

the  pntrefaciion.  To  these  snHs  and  to  tht  r».r  ■-,«■* 
are  principally  to  be  ascribed  the  btnefteial  efleclji  which 
ammal  mauuro  exercises  on  the  ferlility  of  our  fields* 


1.  A  constant  motiDii  is  taking  place  In  the  living 
animal,  as  well  as  in  tlie  living  plant, — ^an  incessant 
receiving  (eating,  drinkingj  and  breathing),  changing 
(digestion,  ammilation),  and  separating  (secretion,  ex«  J 
cretion)  of  aeriform,  liqnid,  and  solid  bodies,  " 

2.  In  a  chemical  poijit  of  view^  anhnal  Hfe  is  distin- j 
guiahed  principally  from  vegetable  life  by  the  unintei^fl 
ropted  reception  of  oxygen,  and  separation  of  carbonic™ 
acid  and  water,  (Among  the  Infusoria,  however,  there 
are  flome  which  exhale  oxygen.)  Daring  tlie  life  o; 
plants,  on  the  contraryj  carbonic  acid  and  water  are  re 
ceived,  and  oxygen  separated. 


i 

^B       3*  Besides  water,  air,  and  some  salts,  those  substances 
^H    only  serve  for  the  nutrition  of  the  animal  body  whlchflj 
^V    are  produced  by  means  of  vegetable    or  animal    lifewfl 

I 


The  plant  consumes  carbonic  acid,  the  animal  vege- 
table tlssncj  sugar,  gum^  fat,  &c.;  the  plant  consumes 
ammoma,  the  animal  albuminous  substances,  for  inp*| 
stance,  gelatijie,  albumen,  cascine,  flesh,  bloodj  &Cp 

4,  The  first  series  of  the  above-named  means  of 
nourishment,  those  rich  in  carbon,  serves  for  tJie  main- 
tenance of  the  respiratory  or  destructive  processes,  and 
for  the  generation  of  animal  heat  (elements  of  respi- 
ration) ;  the  second  class,  that  of  the  means  of  nourish 
meat  rich  in  nitrogen,  lervcs  for  the  maintenance 
of  the  nutritive  or  formative  process  (plastic  elements 
of  nutrition). 

5.  Animal  substances  may  be  divided  :  — 
L  According  to  their  compositwny  — 
a.)  Into  non-azotixed  substances  (fat,  sugar  of  milki 

&.)  Into'  a^otisied,  albuminous  substances  (albumer, 
caseine^  flesh,  fibrine,  ficc-.). 
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c.)  Into  azotized  gelatinous  substances  (gelatine  of 
the  bones,  ligaments,  gristle,  &c.). 

d.)  Into  azotized  excretory  substances  (urea,  uric  add, 
hippuric  acid,  &c). 

IL  According  to  their  occurrence  and  their  production 
in  the  animal  body,  — 

a.)  Into  products  of  the  process  of  digestion. 

b.)     "  ^  «  «  breathing. 

c.)  Cionstituents  of  the  red  blood. 

c£)  "  of  the  white  blood  (lymph). 

e.)  "  of  the  flesh,  &c 

/.)  "  of  the  bones,  &c. 

g.)  "  of  the  skin,  hair,  &c. 

A.)  "  of  the  secretory  and  excretory  prod- 

ucts (gall,  milk,  urine,  &c.). 

6.  The  changes  of  animal  matter  by  the  influence  of 
heat,  water,  air,  acids,  bases,  &c,  exceed  in  variety 
those  of  vegetable  matter,  since  they  are  far  more  com- 
plex than  the  latter;  they  mainly  agree  with  those 
which  the  azotized  and  sulphurized  vegetable  substan- 
ces experience. 

7.  The  spontaneous  changes  of  animal  and  vege- 
table matter  may  be  arrested,  — 

a.)  By  removal  of  the  water  (drying,  baking,  &c). 

b,)  By  exclusion  of  air  ( Appert's  method  of  preserva 
tion,  bottling  of  beer,  wine,  &c.). 

c.)  By  reducing  the  temperature  below  the  freezing 
point  (refrigerators,  &c.). 

d.)  By  antiseptics ;  for  instance,  common  salt,  nitre 
(salting),  wood-vinegar,  creosote  (smoking),  alcohol, 
sugar,  charcoal,  and  arsenical,  mercurial,  and  other 
metallic  compounds. 


A  SYNOPSIS 


OF  THE  MOST  BtPORTANT  TESTS  FOE  ASCERTAINmO 
THE  TRESENCE  OF  THE  MORE  C05DI0N  CHEMICAL 
COiirUtTKDS,  BSrECIAU*Y  WHEN  DJ  SOLUTION 


1,  Alkalies  mid  their  Salts, 

TfleaE  are  not  precipitated  by  carbonate  of  ammonia, 
sulphuretted  hydrogen  (H  S),  or  sulpburct  of  ajnnio- 
niam  {N  H„  H  S). 

2,  SaUs  of  Potasscu 

Tariaric  adtf^  in  excess  and  in  a  concentrated  fiof 
tion^  producc3j  especially  after  violetit  agitation,  a  whito 
crystaUine  precipitati?.     (Tartar,  §  1&4*) 

Pkdinum  sohitlon  gives  a  yellow  crystalline  precipi- 
tate.    (Ciiloride  of  platinum  and  potasalmn,  §  394,) 

3*  Sidlsof  Sutku 

Aftiimaniate  of  poiassa  proilnces,  in  nenlral  or  alka- 
line solutions  of  soda  salts,  a  wliite  precipitate.  ( Anti« 
montate  of  soda,  ^  404.) 

4.  Sails- of  Ammonicu 
Caustic  Hnut  or  caustic  poiassa^  especially  on  healing^ 
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liberates  the  ammonia,  which  is  easily  recogniased  by 
its  pungent  odor.  Heated  on  platinum  foil,  the  salts  of 
ammonia  are  readily  volatilized.    (§  229.) 

PlcUinum  solution  reacts  in  the  same  manner  as  with 
potassa  salts.    (§  392.) 

5.  Alkaline  Earths. 

These  are  precipitated  by  carbonate  of  ammonia^  as 
carbonates  of  a  white  color,  but  not  by  H  S  or  N  H,, 
HS. 

6.  Salts  of  Baryta  and  Strontia. 

Sulphuric  add  produces  a  white  precipitate,  insoluble 
in  acids  (sulphate  of  baryta  and  of  strontia).  The  ba- 
ryta salts  impart  a  yellowish  color,  and  the  strontia  salts 
a  crimson  color,  to  the  flame  of  alcohol.     (§  248.) 

7.  Salts  of  Lime. 

Sulphuric  acid  produces  only  in  concentrated  solu- 
tions of  lime  a  precipitate,  which  is  redissolved  in  a 
large  proportion  of  water.     (§  241.) 

Oxalic  acid  and  ammonia  indicate  mere  traces  of  lime 
by  a  milky  turbidness.     (Oxalate  of  lime,  §  197.) 

8.  Salts  of  Magnesia, 

Sulphuric  acid  causes  no  precipitate  or  turbidness. 
(§  249.) 

Phosphate  of  soda  and  ammonia  produce,  but  not  im- 
mediately, in  diluted  solutions,  a  white  crystalline  pre- 
cipitate. (Phosphate  of  magnesia  and  ammonia,  §  251.) 

9.  Salts  of  Alumina. 

These  are  precipitated  by  ammonia^  carbonate  of  am* 
moniOy  and  also  by  N  Hj^  H  S,  as  hydrate  of  the  oxide 
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of  alutniii]!.  Poiassa  m  excels  dissolves  the  hydrate  of 
oxide  of  alumina,  which  is  again  precipitated  by  chhridc 
of  ammonium.  (§  260.)  They  are  colored  blue  on  being 
heated  to  redness  with  cobalt  solution*    (§  262.) 

10.  MetaUic  Sails. 

Ammonia  precipitates  from  their  solutions  the  oxides 
as  hydrates;  carbonah  of  ammonia  also  precipitates 
them  (partly  as  ciirbonates,  and  partly  as  bydrated  ox- 
ides)* 

HS  added  to  an  acid  solution  precipitates  the  fol- 
lowing metallic  oxides  as  sulplmreta :  — 

a*)  Black  ;  lead,  histnuth,  copper,  silver,  mercury, 
platinum,  gold, 

k)  Dark  brown ;  tin  (protoxide), 

c]  Orange ;  antimony. 

d,)   Yellow  f  tin  (peroxide),  cadmium,  arsenic. 

Of  these,  the  sulphurets  of  platinum,  gold,  tin,  anti- 
mony, and  arsenic^  are  soluble  in  N  H  ,  H  S« 

NII„  IIS  precipitates  also  as  sulphuxels  (he  follow- 
ing, which  are  not  precipitated  by  snlphurcttcd  hydro- 
gen alone  from  their  acid  solutions  :  — 

a,)  Black;  iron,  cobalt,  tiickeL 

6.)  Flesh-culored ;  manganese^ 

r,)  White;  s:inc  (also  alumina  and  oxide  of  chro- 
iiiiuni  as  hydratci*). 


1 1.  Siills  of  Pfotoxiik  of  Iron. 
Ammoni4i;  a  greenish-white  precipitate. 


passing  to 
(Hydmted 


dark  green*  and  finally  to  reddish-brown 
protoxide  of  ird^i,  §  285.) 

Ferraepamde  of  pata^sium ;  a  li^ht  blue  precjpitatei 
becoming  finally  dark  blue.     (|  292.) 

Tincture  of  magtUts;  a  violet  precipitate,  passing 
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gradually  to  bJue-black.    (Tantiate  of  proioxlck  of  ifOD» 
1*285.) 

12*  Salts  of  Sesquioxide  of  Iron* 

Ammonia;  a  reddbh-browii  precipitate.  (Hydmted 
€esquioxidc  of  iron,  §  285,) 

Ferrocfjankk  of  pokusium;  a  dark-blue  precipitate. 
(Prussian  blue,  §  292.) 

Tineture  of  nni^alb  *  a  Ulue-bUck  precipitate.  (Tatt* 
nate  of  sesquioxide  of  iron^  §  285,) 

13.  Salt^  of  Mangamie* 

Ammonia;  a  white  precipitate,  eoon  passing  to  light 
and  then  dark  brown,  (Ilydratcd  protoxide  of  manga- 
nese, §  300.) 

H  S;  a  tlesh-colored  precipitate.  (Snlphuitrtof  man* 
ganefse,  |  300.) 

14  Salts  of  CabalL 

Potdsm ;  a  bine  precipitate,  gradually  becoming 
green.     (§  307.) 

Blowpipe;  melted  with  borax,  Ihey  give  a  blue  bencL 
(Cobalt  glass,  §  304.) 

15.  Salts  of  MckcL 

Pidassa;  a  light  green  precipitate*    (Uydrated 
toxide  of  nickel.  §  307-) 

m  Satis  of  Zine. 

Ammonia;  a  gelatinous  white  pnt  i[Hf.if'*  (l'v4T;\lf 
oxide  of  zinc),  which  rcdis&olves  la  an  txrvn  ui  aimno- 
nia;  white  sulphuret  of  zinc  is  precipitated  from  tliial 
solution  by  N  II,  118. 

Skfwpipe;  heated  with  rurbonate  of  soda  opoficlui^l 
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©oal^  a  yellow  incrastatioii  is  forraed,  which  becomes 
"ttrbitt;  oo  cooling,     {Oxide  of  zlnc^  §  3iO.) 

17^  Salts  of  Tin, 

Solutmn  of  gold  cauaea  in  solutions  of  protoxide  of 
tin  a  purpb-red  color  or  precipitate,  (Gold  purple, 
h  322.) 

H  8 ;  in  the  protoxide  solutions,  a  dark-browa  pre* 
cipitatc  (protosolphuret  of  tin) ;  in  the  perchloride  so- 
lutionsi  a  yellow  precipitate.   (Bisulphmct  of  tin,  §  335,) 


18.  Sails  of  Lead. 

Sulphuric  acid;  a  white  precipitate  insoluble  in  acids. 
(Sulphate  of  lead,)  The  same  is  rendered  black  imme- 
diately by  N  H„  H  S.     (\  335,) 

Blow-pipe ;  heated  with  carbonate  of  soda  npon  char- 
coal, malleable  metallic  beads  are  formed^  together  with 
a  yellow  incrustation  upon  the  coaL    (§  331.) 


19,  SaUs  of  BismuiL 

Wider ^  added  largely  to  solutions  of  bismuth,  causes 
a  white  turbidness,  with  a  precipitation  of  a  basic  salt 
of  bismuth.     (\  317.) 

Blowpipe;  U  heated  with  carbonate  of  soda  upon 
cbaicoal,  we  obtain  brittle  metallic  beads.     (§  ^5*) 

20.  Sails  of  (hpper* 

Ammonia  causes  a  greeni»h-blue  precipitate,  which 
redissolves  in  an  excess  of  ammonia,  forming  a  deep 
blue  Uquid.    (§  353,) 

Ferrocifanide  of  poiasslum ;  a  purple-red  precipitate. 
(Ferrocyanide  of  copper,  |  292,) 

PoUslitd  iron ;   a  deposition   of    metallic    copper. 

S6 
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Blowpipe  ;  when  heated  with  carbonate  of  soda  upon 
charcoal,  and  washed  with  water,  spangles  of  metallic 

copper  are  obtained.    (§  355.) 

■ 

21.  SclUs  of  , Mercury. 

Potassa  precipitates  from  protoxide  salts  black  pro- 
toxide of  mercm'y  (§  368) ;  from  the  peroxide  salts,  yel- 
lowish-red peroxide  of  mercmy.     (§  371.) 

Protochloride  of  tin  precipitates  on  boiling  metallic 
mercury.    (§  375.) 

Copper^  on  being  rubbed  with  a  solution  of  mercury, 
assumes  a  silvery  appearance.     (§  369.) 

22.  Salts  of  Silver. 

Muriatic  acid;  a  white,  curdy  precipitate,  soluble  in 
ammonia.     (Chloride  of  silver,  §  381.) 

Blowpipe  ;  heated  with  carbonate  of  soda  upon  char- 
coal, glistening  malleable  metallic  beads  are  formed. 
(§381.) 

23.  Salts  of  Gold. 

Protochloride  of  tin;  a  purplc-rcd  precipitate.  (Gold 
purple,  §  388.) 

Green  vitriol;  a  precipitate  of  gold  powder.    (§  387.) 

24.  Salts  of  Platinum. 

Potassa;  a  yellow  crystalline  precipitate.  (Chloride 
of  platinum  and  potassium,  §  394.) 

Blowpipe;  reduces  the  salt  to  a  metal.     (§  393.) 

25.  Salts  of  Sesquioxide  of  Chromium. 

Potassa;  a  bluish-green  precipitate  (hydrated  oxide 
of  chromium),  soluble  in  an  excess  of  potassa,  forming 
a  dark  green  solution.    (§  400.) 
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26.  Saiis  of  Ckromk  Acid* 

Sugar  of  iead;  a  yellow  precipitate-  (Chrome  yel- 
low, §  399.) 

Sulphnric  acid  and  alcohol  i  conversion  of  the  yellow 
or  led  color  into  green  by  heating.     (§  400.) 

27,  Compounds  of  Aniimomj. 

H  S ;  an  orange-colored  precipitate.     (Sulphoret 
antimony,  \  407.) 

Blowpipe ;  heated  with  carbonate  of  soda,  brittle ' 
metallic  globules  arc  rormed ;  and  abo  white  rumes  and 
a  white  incrustation  upon  the  charcoaL     (§  403,) 

Marsh's  tea  (§  418). 

28,  Compounds  of  Arsenic. 
HS;  a  yellow  precipitate.     (Sulphuret  of  arsemo, 

Reduction  test  (§  413). 
Marsli's  test  (|  417). 

2a  SaUs  of  Sulphuric  Acid. 

Chloride  of  barium ;  a  white  pulvemlcnt  precipitate^ 
insoluble  in  acids.     (Sulphate  of  baryta,  §  171.) 

Sugar  of  had;  a  white  precipitate  insoluble  in  di* 
luted  acids,     (Sulphate  of  lead,  §  335.) 

30.  SalU  of  SuJpIturau^  Acid, 

Sulphuric  acid  evolves  a  gas  having  the  odor  of  burn- 
ing sulphur*    (^  174.) 

3L  SalU  of  Phosphoric  Acid, 

Oihride  of  barium;  a  white  precipitate  soluble  in 
aeids. 
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SUver  soMion;  a  yellow  precipitate.  (Phosphate  of 
silver,  §  176.) 

Solution  of  magnesia  and  ammonia;  a  white  predpi- 
tate.     (See  No.  8.) 

32.  Salts  of  Boracic  Acid. 

Chloride  of  barium;  a  white  precipitate  soluble  in 
acids. 

Sulphuric  acid  and  alcohol^  when  heated  with  them, 
present  a  green  flame.     (§  182.) 

33.  Salts  of  Nitric  Add. 

Indigo  solution  and  sulphuric  acid;  by  boilingi  the 
feeble  blue-colored  liquid  is  changed  in  color  by  the 
liberated  nitric  acid. 

Glowing  charcoal  causes  a  deflagration  of  the  nitrates. 
(§  207.) 

34.  Salts  of  Chloric  Acid 

Act  like  the  nitrates  towards  solution  of  indigo^  and 
upon  glowing  charcoal ;  but,  when  heated  with  muri- 
atic acid,  they  evolve  the  odor  of  chlorine.     (§  150.) 

35.  Chlorides  or  Salts  of  Muriatic  Acid. 

Silver  solution;  a  white,  curdy  precipitate  of  chloride 
of  silver,  readily  soluble  in  ammonia.     (§  186.) 

Peroxide  of  manganese  and  sulphuric  acid;  evolution 
of  chlorine  on  heating.     (§  151.) 

36.  Iodides. 

Silver  solution;  a  yellowish  precipitate  of  iodide  of 
silver  difficultly  soluble  in  ammonia. 

Peroxide  of  manganese  and  sulphuric  acid  evolve 
iodine  in  violet  fumes.    (§  210.) 
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&arch  paste  and  niiric  acid;  blue  color. 
Btarch,  §  155*) 
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37.  Sulphureii* 

Muriatic  add  evolves  from  most  of  them  a  gaa  hav- 
ing the  odor  of  rotten  eggs,    (H  S,  §§  132,  213,) 

38*  SaltB  of  Carbonic  Acid* 

3ftiriaUc  acid  liberates  from  them  witli  efferveacenoe 
an  odorless  gas,     {§§  202,  237.) 

Lime-water  is  rendered  milky  by  them.  (Carbonate 
of  lime,  ^115,) 

39.  Salts  of  Oxalic  Acid. 

Sahdian  of  gypsum  causes  a  white  precipitate.  (Ox- 
alate  of  lime,  §  197.) 

Heated  upon  platinum  foil,  they  are  decomposed 
without  charring.    {§  197.J 

40,  Salts  of  Tartaric  Add. 

Poiassa  precipitates  tartar,  as  in  No.  2.     (|  194.) 
Healed  on  platinum  foil,  they  are  decomposed  with 

separation  of  much  carbon,  and  give  off  the  odor 

burnt  sugar.     (^  194.) 

41,  Salts  of  Acetic  Acid* 

Sulphuric  add  produces  on  heating  an  odor  of  vin- 
egar. 

Sulphuric  acid  and  alcoh^l^  an  odor  of  acetio  ether* 

Heated^  they  are  chancd,  and  give  off  the  oilor  of  vin- 
egar.   (^  198.) 
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Fire^lamp,  114, 118. 
Fish-oil,  537. 
Flame,117, 121, 122. 
**     of  a  candle,  122. 
**     shining  of,  117,  529,  560. 
Flax,  429. 
Flesh,  640. 

Floating  of  bodies,  16. 
Fluids,  rising  and  falling  o(  92. 
Fluoric  acid,  190. 
Fluorine,  156. 
Fluorspar,  247. 
Fly-poison,  411. 
Forc^  6,  20. 
Formic  acid,  602. 
Formulse,  diemical,  88. 
Frankincense,  582. 
Frost,  44. 

Fulminic  add,  179. 
Fumigation,  438,  558,  576. 
Fumigating  spirit,  562. 
Fusel  oil,  554. 
Fusible  metiO,  346. 
Fustic,  592. 


Galena,  341. 
Galipot,  570. 
Gallic  add,  604. 
Gall,    645. 
Galvano-plastic,  358. 
Gamboge,  582. 
Gases,  99. 

**     collection  of^  56. 
Germination,  426. 
Gilding,  386. 


\' 


^^^^                                                    IWPEX* 

nl 

GUsi,  etchijig  of,  190. 

Hoff^nn's  (modyne  liquor,  506.        ^M 

"     jMjJalile,  2<M.  22S. 

Itoncj,  409.                              ^^M 

•*     to  bTTCiik,  &C.,  ST* 

Horn 'Ktlyer,  3S t .                        ^^^H 

Olflttbcrftidts.aia. 

Ifonij  matter,  653.                      ^^^H 

Gkaing,  226.  257, 317. 

iruniii%  444.                                  ^^^^1 

Oluo,  647. 

1  ly  ill  0  t^L^n^,  1 D  8 .                            ^^^^1 

Olmn,  453,  4TT. 

HvitrEito^,  54.                                 ^^^^H 

QlXt'crino,  547. 

nV'lniiilic  L%!m«nt,  239 «               ^^^^H 

0|yfcr>*le,  oxido  of,  54T» 

llVrlFinilir:  ari(i  189.                    ^^^H 

Givmt'oll,  65K 

Hyflrubrwmlc  add,  189.                '^^^B 

Gold,  383. 

Ilydrot'liloric  a^^d,  184,  185.              ^H 

"    combmationaofjaes. 

I! J drocy fitiic  ftci d,  191.                 ^^^^^ 

«    Oios^uc,  325. 

Hjdrofliiaric  acid,  ISO.                ^^^^| 

"    partitiij  of,  364. 
Golden  finlphurct,  407, 

UjdroguQ,  Slf  37^                        ^^^^1 

reduction  bj,  357.            ^H 

G4>iilar4*fi  eximctj  337. 

Hydrometer,  16^                                ^^| 

Gramme,  10* 

Hydrothionic  acid,  132.              ^^^^M 

GianuUtion,  310- 

Hjpcroxide,  77,  79.                    ^^^H 

Grape*jnicu,  484, 

HjpodiloFOtis  addf  178*             ^^^H 

^^H     Qmphiii^  107, 

^^^^H 

^^P     Ounnd,  66,1. 

^^^^1 

^^      Gura  Ambic,  465. 

^^1 

■               •*    dicrry,  4ft7, 

^^^^H 

■               **    alAStlc,534. 

Ir^C,  f.  — -■'  "  ^r,  20.                     ^^^B 

■               "^    rosiTis,  58S. 

mw                                    ^M 

■               "    6lM«h,45a 

llliir:,                 LI,  5iJ9,560*          ^^M 

■                "    trjai^tu^mh,  41^6* 

Itidigo,  1 7;i,  r»i»4.                        ^^^M 

■            Gun-cotCOR,  433.    . 

blut;,  £94.                          ^^^H 

■           Giinj^wikn  2<J7. 

Ink.  2@5,  603.                              ^^^1 

■            Gcittfl  pcfcJm,,  584, 

Inaimc^  457.                                ^^^^H 

^^.       Ojpamo,  211. 

lodmc,  1G5.                                  ^^H 

^H            "*       soluUonof,  197. 

Inin,  273.                                     ^^H 

^^^B 

"    jwd  chlorine,  2d9.              ^^^H 

^^^K 

"      "^    cyanogt^n,  290,  S«3.    ^^H 

^H 

«"      ""    sultilitrr,  131, 133, 294^^H 

^^^™ 

**    bar,  2S0.                         ^^H 

■         Biiaeiatox^liii^  594. 

**    Ciist,279.                             ^^H 

V            Hulff  10  njnjOTc,  405. 

•^    erode,  279.                         ^^H 

■              Iljildd  «illt0, 157,  1 87«  £76. 

**    magnetic  OTcMi  of,  276,            ^H 
M    tOAileable,  280.                           ^H 

K            Ikloffenf,  150,  isr 
■            Jijurtihorn,  spirit  of,  22$, 

■             H<»t.22. 

**    bOf?,£76.                     ^^H 

■                 "    conduetioti  of,  42* 

«                                       ^^^^H 

H                **    fk'stmrtion  of  clicmieal  c€rt»M- 

**                              ^^^H 

H                mitiQi^  by,  57. 

Dldi!'                                          ^^^1 

■            lU^t^  expansion  or  mr  Ht,  97. 

"          "       dyi^iig  with,  197,      ^H 

■                *■               *^         B0Uiliby,27. 

•^     n3«t  0^270,                                    ■ 

■               ••              «         water  bj,  22. 

"    i«^K^6d.                             H 

■                ^    free,  36,  $f. 

»    Bulls  of,  13.  173, 186,  S84-  38t/H 

■                  »    ktent,33,36. 

»    fltii^lir,  276.                       ^^H 

H               •*    of  ciitjtiiirii]  comLinnlitin,  M^* 

''    Yltnol,  89,  2^5,                   ^^H 

^M                 **    nuliAtion  of^  43. 

blrrfilim,  647.                             ^^^H 

■             Jlemp,  429. 

^^           Hipptifk  Arid,  664. 

^^Iiy^^^ 

^^BUBJI^I 
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Kennes,  407. 
Kjidliiig  purposes,  130. 


Lac-lake  or  Lac-dye,  591. 

Lactic  add,  457,  515. 

Lactacarinm,  582. 

liac  Tarnish,  578. 

Lakes,  595. 

Lamp-black,  107, 116,  576. 

Lard,  521. 

Laws,  chemical,  70, 148. 

Lead,  S29. 

**    and  snlphnr,  341. 

«    glass,  331. 

**    glazing.  257. 

•*    oxide  of,  331. 

•*    plaster,  550. 

**    salu  of,  160, 193,  334. 

**    subacetate  of,  337. 

"    sugar  of,  198,  337. 

«*    tree,  340. 

**    white,  339. 
Leaf-green,  593. 
Leather,  648. 
Liclienine,  457. 
Lime,  239. 

"    and  chlorine,  244. 

*^    as  mortar,  239. 

•*    burnt,  238, 

«    carbonate  of,  237,  271. 

"    caustic,  238. 

**    muriate  of,  246. 

**    nitrate  of,  243. 

**    phosphate  of,  242. 

**    8Uked,33. 

**    soap,  240. 

"    sulphate  of,  241,  271. 

«    water,  46,  238. 
Linen,  429. 
Liniment,  541. 
Linseed  oil,  534. 
Liquation  process,  382. 
Liaueurs,  501,  562. 
Litnarge,  337. 
Lithographic  stones,  237. 
Litmus,  594. 

**      paper,  48. 

**      solution,  47. 
Loam,  252. 
Logwood,  594. 


Lunar  caustic,  saO. 

Lopuline,  598. 

Lye,  canstic,  208,  221. 

H. 

Bfadder,  591. 
Bfagnesia,  250. 

**        compounds  of,  249. 
Magnetic  pyrites,  295. 
Malachite,  349. 
Malic  acid,  601. 
Malt,  426,  460. 
Bianganese,  298. 

**         acids  of,  301. 
**         black  oxide  of,  297 
«         oxide  of,  297. 
**         salts  of,  299. 
Mannite,  474. 

Bianuring  by  ammoniacal  salts,  235. 
**  bones,  658. 

**         gelatine,  650. 
"  guano,  663. 

•*  gypsum,  241. 

"         inorganic  matter,  617. 
••         lime,  240. 
**         muriatic  acid,  186. 
"  organic  matter,  616 

**         potassa-salts,  214. 
"         sulphuric  acid,  173. 
Mark,  fine,  379. 
Marsh-gas,  445. 
Marsh's  arsenical  test,  417. 
Mashing  process,  461, 487. 
Mastic,  570. 
Matches,  208. 
Matter,  18. 
Meal,  516. 
Melting,  30. 

"      point,  31. 
Mercury,  365. 

**        and  sulphur,  376. 
**        oxide  of,  56,368. 
**        salts  of,  366. 
Bletalloids,  56. 

**         and  hydrogen,  192. 
«  •*    oxygen,  192. 

Metallic  alloys.    &e  Alloys. 

**       oxides,  retrospect  of,  4 1 8. 
Metals,  201. 

**      hearv,  275. 
**      light',  201. 
**      ncpativc,  133. 
"      noble,  379. 


t^^2 

□ 

^H 

irmEX. 

j| 

MclaU,  podtivfi,  im. 

Olotc  fl^id,  S4ft,                               H 

■^      netrospcct  of  ibo,  i  1 8, 

OLcInc,  533,                                         ^H 

Meter,  10. 

Olco  ioeduiruiiii  564                  ^^^H 

Hilk/GSS. 

QUvo  oil,  535.                            ^^H 

Minmnii  332. 

Opmm,  583.                           ^^^H 

Moini  raeiamqtic,  Sie. 

OMiil,  594.                                 ^^H 

MuWlKlcaam^  396, 

OreUiDe,  592,                              ^^H 

MortlMit,  I97»595. 

On,^nia  Ofidi,  103,  50S,            ^^H 

5Iomie,  593, 

biitcs,                      ^^^^H 

Morphine,  5&7. 
McJiild,  514. 

*«       noldicnK  509,  513*          ^^^H 

Ommgom,  56.  U3.  ^^^H 
OrtoAOii,  592^                              ^^H 

Mounmin  hhie,  349. 

Muriiitic  4vnU,  1S5, 

Orptmenc,  416.                          ^^^M 

'*        cthflr,  507, 

Uxalat^,  197,  213.                      ^^H 

jL           M/rrh,  632. 

Oxalic  aeid,  196.                          ^^^B 

^m 

Oxidation,  G6.                                      ^H 

^1 

byditonQe,l52,lS6.     ^H 

■                        m 

""         l>X  chlomtecf  poUi*»«^iH 

^L 

liy  nitr^  2i>7.                   H 

^^     Naplitalinc,  44L 

««         by  nltneftcid,  160.            H 

^B      K»{ilithA,  44L>,  555. 

by  oxygen,  500.               ^H 

^^™^      Nascent  state,  150,                               j 

degn^a  of,  75|  154,  STt.  ■ 

■          KcutrallMtiQiH  71, 160, 1 BC, 

Oxidc«,69,77*                                 H 

■^                *♦           cm^itj  of,  199. 

""     retim|WGtof,4t4.                H 

^K     Kiekc1,3{>3. 

0  xidUing  H  nme,  1 S 1 .                        ^H 

^^m    Nimtii]«,  5V7. 

Qjcyg^n,  56,  BO.                                  ^1 

^^       Nhre,  207- 

-■>                              ^ 

V                 ^'     formation  of,  410, 

•*                              f,  167,  614. 

■           Nitricndil,  159,  Ul. 

"         ^=  -  -.  i            i'CCt  of,  ISA-Ata.         1 

■                 "     oxide,  US. 

■i 

■^      Nitrogen,  lot. 

^^K     Kitro-mtiriatie  acid,  US. 

1 

^^P     Nitrooi  ociil,  1  ei . 

^^■^                   ethor.  507. 

F&lni  oil,  535,                               ^^H 

W            **    oxMc\  tea. 

Paptn»  di^'DAl^r,  96,                    ^^^H 

■            Non-condiic^ton,  43* 

Bifebniciit,  64S,                        ^^^H 

■             Npd'incliillic  elements,  56* 

Fiftte.  457.                               ^^H 

^t^      Ntitritioti,  pkstic  elcmcnu  of,  639, 

F^  mtth  of,  452.  ^^^H 
Peat.  446.                                     ^^H 

^^^ 

^V 

Pert^hlondci,  154.                      ^^^M 

^F 

Pcmuui^jtnvc  iddp  30L            ^^^H 

■           Odor,  m 

rcrtio,  594.                                  ^^^H 

■            (Etiantln 

rho!<|ili<>ric  »nd,  65,  1 76,           ^^H 

■            Oil,  bnni                  ijo,  535. 

Plm»p1i^roni»  iuhiI,  177.              ^^^H 

^m              **   gasi  Mi^,  *"jij- 

PlioKpliorui,  I3S,                        ^^^M 

o^iidoof,  177.                ^H 

■               **    tdA(),  540, 

PhospKnrcttcd  hydrogen,  145^    ^^^M 

■            Otli,  cmpvTcnmatle,  555# 

Vi^mfinus  590,                            ^^^M 

■                 *"    cthcftMd,  55  L 

PIpcrinc,  597,                               ^^^H 

■                 "    fat,  520. 

Pitdu  5(19,  575.                           ^^^M 

■                "    ferment,  554- 

"     btimt,  576.                        ^^^H 

^^^           »    Yolatikv  552, 

PknU,  cnltiYHMKl,  61  v              ^^^H 

^^K      Olellftflt  gas,  502, 

**     food  Of,  614                      ^^M 

^H                                 57' 

1 
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Planti,  growth  of,  613,  eu. 

"     inomnic  oonttitaeiiti  o(  607. 

**     oncttltivated,  614. 
Platinam,  390. 

«        spongy,  892. 
FlQmbago,  107. 
Pnenmatic  trongli,  60. 
Polish,  578. 
Polychroito,  592. 
Porosity,  106. 
Potash,  201. 

"      lye,  203. 

*"      aoap,  541. 
Potas8a)203. 

**       acetate  of,  202. 

**       antimqpiate  o(  403. 
S     "       carbodbe  0(201. 

"       caiutiE,203. 

«       dilorate  of,  59,  203. 

"       chromate  of,  398. 

**       miiriate  of,  209. 

*       nitrate  of,  207. 

**       oxalate  of,  197,  212. 

**       silicate  of,  204,  226. 

<*       sulphate  of,  206. 

**       tartratcof,  194,  211. 
Potassiom,  205. 

**         and  chlorine,  209. 
•*  »*    iodine,  210. 

•*  "    sulphur,  213. 

**         fcrricyanide  of,  293. 
**         ferrocyanide  of,  291 . 
Potato-starch,  451,  462. 
Precipitation,  129. 

Preservation  of  organic  matter,  449. 
Proportions,  chemical,  272. 
Protcinc,  477. 
Protochloridcs,  150. 
Prussian  blue,  290. 
Prussiate  of  potassa,  291,  293. 
Prussic  acid,  290. 
Puddling  process,  281. 
Putrefaction,  445. 

to  prevent,  105, 449. 
Pyrogens,  123,  149. 
Pyrometer,  26. 
Pyrophorus,  338. 
Pyroxylic  spirit,  439. 


Q. 


Qaartation,  384. 
Qaartz,  183. 
Quercitron,  592. 
Quinine,  597. 


/  ^ 

Baoemic  add,  599. 
Badicalf,  199. 

**       compound,  508, 513. 
Bape-oil,  535. 
Rat  electaary,  139. 
BeagentSi  138. 

**       for  acetic  acid,  198. 

"        **   ammonia,  229. 

«*         «   antimony,  407. 

••         «   arsenic,  413,  416,417. 

«<         **   bismuth,  347. 

"         <*   carbonic  add,  46, 102. 

«         «*   chlorine,  186. 

«         •*   copper,  152,  192. 

«         •*   p>ld,388. 

"        ••   hydrosulph.  add,  479. 

«         "   iodine,  155. 

«         ••   iron,  296. 

•«         «   lead,  335. 

«         «   lime,  197,  241,  256. 

"        **   magnesia,  251. 

**        **   manganese,  300. 

*•         **   mercuij,  375. 

"         **   muriatic  add,  186. 

«         **   nitric  acid,  160. 

•*         "   oxalic  acid,  197. 

**         **   phosphoric  add,  176. 

«         "    platinum,  394. 

M         «    potassa,  211. 

•*         «   silver,  381. 

•*         «*   soda,  404. 

•*         **    starch,  457,  645. 

••         "    sugar,  645. 

**         <*    sulphuricadd,  171,24a 

**         "    tartaric  add,  194. 

«*         **    the  metals,  133, 

««         «    tin,  322,325. 

•*         **    sine,  312. 

**       retrospect  of  the,  149. 

**        synopsis  of,  page  657. 
Realgar,  416. 
RecuEcation,  492. 
Reduction  by  hydrogen,  357. 

"         dry,  144,  198, 355. 

*"         flame,  181. 

**         galvanic,  358. 

*"         humid,  285,  356. 
Refining,  384. 
Rennet,  628. 
Resin,  569,  570. 
Respiration,  167,  639. 

**  elements  of,  639. 

Retrospect  of  alcohol,  &c.,  519. 


^^^^"                                                         INDB3C. 

^ 

H              ItctrosjMct  of  imim&l  matter,  CG5. 

Setcitium,  137.                               ^H 

8dtQrR  wata-,  162.                       ^H 

■                   fiCane^<ti  49  L 

SfatiOmc,  570.                            ^^H 

■              EetroatHJct  of  ihe  cakolje*,  S36. 

Sho^  34a.                      ^^^H 

H                    "           **     aUuiUo©  earths,  25  L 

Stlicft,  18a.                              ^^^H 

^^m                           *"     ei&rtliB,  200. 

Silicon  1  15S.                             ^^^H 

^^H             **          »     exiracave  and  ccil- 

SilvcTf  37!l.                               ^^^H 

^^V          od»^  mlMUfiec^,  597. 

aUojs  of«  d79.               ^^^1 

H             Ketrospflctof  tlithAiogcns,  157, 

Silveria|^%  Si6.                          ^^^1 

■^                "            *•     hcjivv  metftiA»  328, 

Silv er.  0  )t  idc  of,  38 1 .                ^^^H 

^^^                                       3^5,418. 

palu  of,  sau.                 ^^^B 

^^^B              *^                  bjdrof^cnA£!kU,lSL 

Sirup,  45%  473.                           ^^H 

^^H               "            "     light  iuf^ialEip£&S. 

gniu  t.  304.                                 ^^^M 

^H              *'           ''     toetallic  tnJpliurets, 

BiaeU,  123.                                 ^^H 

^H 

SmeUingr  278.                          ^^^H 

^H                           ■'      mmLloiil^.  158. 

Smokifig  of  meat,  43$.            ^^^H 

^^H                                   metAk,  2C6. 

Snow.  43.                                   ^^^H 

^^H                                  orgODOgcm,  122. 

So«p,  540.                                   ^^H 

^^H                        '^     oxj^jm  acid^,  133. 

^*    rcsinoat,  5801                  ^^^H 

^^m                           **      pp-ogotiA,  U9. 

Sodft,  220,  22L                            ^^H 

^H            **          "     resioi  and  oUs,  584. 

"     bibomt«  of,  225.               ^^^M 

^^H                         ^<     v(?getAbkiicHU.im 

**    curboniitc  of,  330.            ^^^H 

^^H              "            "     Y€gi?tiU^)ct]«st-0,5»L 

"    caiislic,  221.                           ^H 

^^H             '*         of  vegi!Uvl>liMtiiitt«r,  618. 

"    ly^Ml,                              ^M 

^^V              «i         oT  v«geteblo  tiMQViBlarct), 

"     muriateof,  173, 1S6,  its        H 

^H       n      *       .    sugar,  ^.,  47&. 

**    Ditmie  of,  334.                        ^M 

^^V       Itotation  of  crojj#,  617, 

<*    plioApha£o  of,  323.                  ^H 

■             Kiim,  4S4. 

"    Bmciiro  of,  225.                        ^M 

■^       Kumcthcr,  507* 

"'    Boup,  54U.                                  ^M 

"    iiiiiphat«  of,  173,  31i.              ^H 

»'    jtul}>1iiU)of)  174.                       ^H 

^V 

Sodium,  323.                                     ^M 

*'       juid  ddorinc,  153,  31  &       ^M 

■^       Safcty-Ijiiiip,  114. 

'*        ''    03(rgcu,  67.  St.            ■ 

"         "    tufpW,  312.                 M 

Solftntno,  597.                                  ^H 

^^m        8}if-rv.tul»c,  92. 

^^H       Safflowcr,  hm. 

^^^       SniTron,  533. 

8oldcHf}|>,  225.                            ^^H 

■             Bop,  446. 

Solu  liciiK  4  3 .                                ^^^M 

Boos,  1  ri7,  1 IG,  576.                   ^^^1 

■              gatt,  commoQ,  215,  2ie. 

J^up,  643.                                    .^^^H 

■               "         »*        volaEUiiatianotJaa. 

Spnr,  htmrj^  34$.                        ^^^H 

■                 "    douyc.  261,  367. 

H^ivrmActMi,  53S>                        ^^^^1 

■              bolting  of  Tne&t,  644. 

Spint,                                          ^^H 

■             Sall])etn^  207. 

Spril/.>U^me.  H*                       ^^^H 

■             Biat  radical «ia«). 

Smlactiie^f  237.                          ^^^H 

■               *'    E^ring^rilB. 

StiiTch,  4^.                                ^^^H 

■              Sallswi,  IGO,  £^7. 

gum,  45g.                      ^^^H 

■               "     md,  m,  lt>T* 

^^           *'     bjisiii,  203, 347, 

iiigitr^45il.                     ^^^H 

^^^      gADdol-wood.  59L 

Steam,  35.                                ^^^^H 

^^^H      Sanrkmrh,  570. 

St<«Hc  odd,  54S.                      ^^^H 

^^m      Bi^v 

Sltiidnt?,  533,                             ^^^H 

^H      S<                      n,414. 

Biwl,  333.                                  ^^^1 

^^^"       Sthwuiuiurjsi  jjre«ii|  414. 

Stick.liic,  570.                             ^^H 

m            Selling  wtx,  5-5. 

Stocluometrj,  70,  367.              ^^^^| 
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Strontiam,  S48. 
StiTclmine,  594. 
Sablimate,  128,  373. 
Sablimation,  128. 
Suboxide,  77. 
Sacdnic  add,  606. 
Sugar,  469. 
"     burnt,  475. 
^     cane,  470. 
M     fermentation  of,  482. 
««     Uquid,  472. 
"     of  gelatine,  651. 
"     of  milk,  473,  629. 
»     of  standi,  469. 
»     sorts  of,  459, 469. 
Sulphur,  123. 

«       amorphous,  127, 129. 
Snlphuret  of  ammonium,  231. 
^        antimonj,  407. 
^        arsenic,  416. 
M        caldum,  220, 405. 
**        copper,  362. 
«        iron,  131, 133,294. 
«        lead,  133,  341. 
<«        manganese,  300. 
•*        mercury,  376. 
^        potassium,  213. 
«*        sUyer,  381. 
"        tin,  325. 
«         rinc,  312. 
Sulphuret:  sulphide,  131, 154. 
Sulphnrets,  metallic,  133. 

•*  **     retrospect  of  the, 

418. 
Sulphur,  flowers  of,  123. 
«»        lirer  of,  213. 
'*        springs,  137. 
Sulphuric  add,  anhydrous,  169. 
««  «»   common,  168, 172. 

«  "   fuming,  170. 

«*  *«    h^dratcd,  172. 

•*  *•   mixing  of,  with  water, 

84,  173. 
Sulphuric  add,  Nordhausen,  170. 

*'        ether,  506. 
Sulphurous  add,  64, 174. 
Superficial  fermentation,  488. 
Symbols,  chemical,  88. 
Synthesis,  7. 


TaHow,  522. 
•*      ioap,540. 


Taonie  add,  608. 
Tannin,  608. 
Tanning,  648. 

««       snbttaaiM,  605. 
Tar,  pit-coal«  441. 
Tartar,  194,  211. 

«"     emetic,  406. 
Tartaric  add,  194. 
Tartarus,  195. 
Taste,  123. 

Temperature,  24, 118. 
Test-paper,  48. 
Test-tubes,  34. 
Theory,  7. 
Thermometer,  24. 

**  spirit,  25. 

Tin,  316. 

«'   alloys  of,  318. 

^   and  sulphur,  325. 

»   glaze,  317. 

^    moir6,  826. 

^   oxide  of,  817, 326. 

««    proof,  318. 

"   salts  of,  319. 
Tinning,  229, 327. 
Tombac,  364. 
Tragacanth,  466. 
Train  oil,  537. 
Tufa,  calcareous,  237. 
Turmeric,  592. 
Turpentine,  568. 

"         oil  of,  551. 
Type-metal,  409. 


Uranium,  328. 
Urea,  661. 
Uric  add,  662. 
Urine,  660. 


Value,  379. 
Vapor,  37,  99. 

''     cold,  40. 
Varnish,  534. 

"       lac,  578. 
Vftt,  cold,  594. 
Vegetable  adds,  193,  59& 

"        albumen,  451. 

«•        ashes,  607. 

"        casdne,  452. 


^^^^H 

™ 

^^^^Tegctftble  fate,  534* 

Wflter  of  crTvtalllzatioiit  54  ^            ^H 

■                   ''       growth,  614. 

''    $oa  lind  hj^,  S37.               ^H 

^^m             **       Ulf,  468. 
^^1                        life,  419, 

Wft^l,  539.                                   ^^H 

^^■^                        ttmcttip  4&€. 

WdgMng^ah                          ^^H 

m                    "        tLBStie,  427, 

Weight,  absolato,  10.                ^^^M 

■           Vemttiiie,  597. 

Aug,  379.                        ^^^H 

■             Venli^rb^SAK 

*^      ipedfic,  II-                   ^^H 

H             Vermilion,  376, 

Wm^%^.                              ^H 

■              Viacgaf,  I9S,  509. 

apotfaeearioi ,  9^          ^^^H 

■                    **       OTomAtiQ,  198, 563. 

Weld,  592.                                ^^M 

■                   ''       mother,  537, 

Wbea^Etarch,  45S,                    ^^^M 

■                   "       qaick  method  of  making. 

\VKg7,G20.                                    ^^^M 

■  511. 

■  mux  Atr,  80. 

^^^lltc  pr^cipltaie,  374.             ^^^H 
Wine,  4»4.                                  ^^^H 

■               ^    fQrce,60. 

WD«d,  594,                                  ^^H 

■            Yltriol,  SS5. 

Wolfram,  396.                              ^^H 

■                      '*       blDD,  175, 

Woo«l,427,433-                           ^^H 

^__             **      gr«cn,89,28S* 

mr,  119,  iSO.                   ^^^M 

^^^            "•      qU  of,  170. 

>'     rincpir,  119,437             ^^^H 

^^■^  «^     wyie,313. 

**     yfh'iUi  rotK^n,  449.            ^^^H 

Woodjf  fibre,  428-                       ^^^1 

^^^v 

Wool,  653, 

H          V«tar,S1. 

X 

^^K          »     u  food  for  plantt,  614, 

^^1           "      baih,  149. 

Tcftst,  4SS. 

^^1           '<      boiling  of,  34,  S5.  96. 

**     botiom,  4S9. 

^^^H            **      clieoiicallj  combmed,  54. 

Yf  How  Ijf  rrici,  59S. 

^^^1            *^      cornpositjoti  off  55,  87. 

Yolk  of  eggi,  S^< 

^^H            '«      decomposition  of,  55,  83,  83. 

^^1           *«     dUtilLod,41,56L 

^^H           ■*     «2q)flmlon  of,  by  co16,  iS. 

Z. 

^H                                          V  boat,  23. 

^^H         *^     In  iho  ftir,  1 00, 1 02. 

2Emc,  309. 

^^H                   min^mt,  ]  65,  447. 

•"    OXid«of,3ta. 

^^^^^  **     of  coHsUtation,  159,  lU, 

CORRECTIONS, 


The  following  corrections  have  been  made  in  the 
sixth  German  edition  of  the  Chemistry. 

Page  66,  section  75  should  read  as  follows :  —  "  75.  Degrees  of  Oxidation, 
Oxygen  is  a  nnivenal  food  for  all  elements ;  it  is  consumed  by  them,  and, 
as  already  stated,  in  fixed  quantities.  Bnt  the  appetite  of  an  element  for 
oxygen  often  raries,  according  to  the  drcnmstances  under  which  the  latter 
is  presented  to  it ;  for  example,  it  is  greater  under  the  influence  of  heat 
tluui  of  cold,  greater  where  there  is  an  excess  than  where  there  is  a  defi- 
ciency of  oxygen.  According  to  a  late  discovery,  oxygen,  by  remaining 
for  some  time  in  contact  with  wet  phosphorus,  or  by  being  electrified,  ac- 
quires a  yery  great  inclination  to  combine  with  other  bodies.  The  name 
Owne  has  for  the  present  been  given  to  this  '  chemically  excited '  oxygen, 
the  nature  of  which  has  not  yet  been  fully  investigated.  Many  elements 
consume  a  greater  quantity  of  oxygen  at  a  high  than  at  a  low  temperature, 
and  when  the  supply  is  copious  than  when  it  is  deficient ;  and  this  excess 
or  diminution  of  consumption  is  likewise  prescribed  by  fixed  laws.  The 
difierent  proportions  in  which  substances  unite  with  oxygen  are  called  its 
degrees  of  oxiiiation.^ 

Page  130,  insert  immediately  before  section  140 : — **  According  to  a  late 
discovery,  phosphorus  undergoes  a  remarkable  change  by  being  kept  dur- 
ing several  days  at  the  temperature  of  240^ ;  it  then  acquires  a  red  color, 
neither  ignites  nor  dissolves  so  readily,  and  has  lost  its  laminous  power : 
bnt  exposure  to  a  stronger  heat  restores  it  to  its  original  state." 


EECOMMENDATIONS. 


Mriraa  from  a  Letter  qf  B,  L,  Dana,  M,  D*,  LL.  D* 

"Tiie  name  of  tlie  author  of  iha  ubovo  work,  lo  well  known  amon, 
pmctical  men  as  one  of  the  editors  of  the  Foli^tcchnischeM  Ctnlraiblaii^ 
would  alone  authorize  Ihe  coocloBion,  that  this  book  is  pT^eminentlf] 
Glesitf  mndsQf  practieal  in  all  it^  allusmni  to  art,  Btmpio  in  ita  ai«! 
mngemcQtaj  and  iliuatmtcd  by  cxperimctita  requimg  no  array  of 
costly  apparatufl*  It  ia  a  work  worthy  of  ita  autlior.  It  la  a  work 
not  wrUtea  for  thasa  only  wbo  know  the  poaitbn  of  Dr.  Slockhardl, 
and  who  ihereToro  wonld  bo  prepan*d  to  welcome  it,  id  ita  excellent 
Fogliah  drcsip  because  it  approacbca  with  the  prestige  of  a  good 
tiamfl.  It  ia  a  work  wbkh  will  bear  the  character  we  haTe  given 
it,  even  when  aubjected  to  the  Bcvcreat  aerQiiny  of  critical  atrangeis. 


Frmn  A*  A.  Hates,  M*  D.,  Assayer  t§  ih  State  t*/  Mm$a^matt. 

"After  reading-  this  work  in  the  translation  by  Dr.  Peiree,  I  lum 
formed  the  opinioo  ihtit,  as  an  e&sy  iatroduction  of  the  student  to  the 
principles  of  chemistry,  it  is  imriv ailed  by  any  book  in  our  language. 
The  author  haa  adapted  hia  iUuatiationa  with  groat  aagacity  to  tbt 
wanta  which  students  leel  in  £i^  entering  upon  the  anbjecl  of  thl 
science,  and  there  b  a  directness  and  accuracy  in  hia  mode  of  teaehini 
which  leads  one  forward  with  great  rapidity*  Eaiely  m  tt  iHtesible  to 
find  an  elementary  work,  which,  without  being  Totuminou«f  diaciisae* 
eo  many  snhjectB  clearly >  The  thanka  of  inatroctoTa  and  pupita  mro 
traly  deserred  by  Dr*  Peirce,  for  placing  this  book  within  their  icadi. 


i 


Ihm  JoHK  A.  PoRTEB,  Professor  of  Chsfm^ry  appUtd  to  Ari^  an 

Brown  Ihdvtrsky* 

**  Slookhardt*9  '  Princtplea  of  Chembtry '  ocenpiea  the  Urst  tutl 
introductions  to  tlie  Bcience  of  which  It  treaia*    In  Qemimf^y 
t  works  of  tha  klad  abound,  it  b  held  in  ihe  hi^eit  a 


I  hope,  for  the  interest  of  the  science,  that  it  may  be  generally  btro^ 
dnoed  in  this  country.  I  concur  entirely  in  the  tIows  of  the  work 
expressed  by  Professor  Horsford  in  the  Introduction,  and  shall  recom- 
mend it  to  those  pursuing  the  study  of  ehemistry  under  my  direction." 

From  Elbridob  Smith,  Muter  of  die  Cambridge  High  School. 

^'Cambndge,  (kt.  lith,  1850. 
"  Mr.  Bartlett  :  —  ' 

"  Dear  Sir, — Of  the  *  Principles  of  Chemistry,'  which  you  sent  me 
some  time  since,  I  can  hardly  speak  too  highly.  It  is  unquestionably 
the  best  book  on  elementary  chemistry  that  has  been  published  in  the 
United  States.  On  first  examining  the  volume,  I  was  inclined  to 
think  that  for  common  schools  it  might  with  adyantage  be  abridged. 
A  more  intimate  acquaintance  with  the  work  has  convinced  me  that 
not  a  page  can  be  safely  dispensed  with." 

F\rdm  David  A.  Wells,  Assistant  in  the  Chemical  Department  of 
the  Laufrence  Scientific  School. 

**  Cambridge,  Feb.  1st,  1851. 
"  I  consider  Stockhardt's  *  Principles  of  Chemistry,'  as  an  elemen- 
tary book,  superior  to  any  work  of  the  kind  hitherto  published.  I 
have  recommended  its  inftoduction  in  a  number  of  cases,  and  in  all 
has  it  given  perfect  satisfaction'.  It  has,  moreover,  an  advantage  over 
all  other  works,- that  it  is  at  present  as  complete  as  the  rapid  advance 
of  chemical  science  will  admit.** 

Extract  from  Professor  Horsforo's  Introduction, 

"  The  qualifications  of  this  work  as  a  text-book  for  schools  are 
Mich  as  to  leave  little,  if  any  thing,  to  be  desired.  The  classification 
IS  exceedingly  convenient.  The  elucidation  of  principles,  and  the 
explanation  of  chemical  phenomena,  are  admirably  clear  and  concise. 
The  summary,  or  retrospect,  at  the  close  of  each  chapter,  presenting 
at  a  glance  the  essential  parts  of  what  has  gone  before,  could  scarcely 
have  been  more  happily  conceived  or  expressed  for  the  wants  of  a 
pupil  or  an  instructor.  The  book  is  also  well  adapted  to  the  wants 
of  teachers  who  desire  to  give  occasional  experimental  lectures  at  a 
moderate  expense,  and  of  those  who  design  to  commence  the  study  of 
chemistry,  either  with  or  without  the  aid  of  an  instructor.*' 
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